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1. INTROD~CTION 
101 Object and Scope of Investigation 
~ ~ 
This report describes one phase of an investigation of the behavior 
and strength of multiple-panel reinforced concrete floor slabs. The investiga-
,-.. 
.1 
tion is concerned with two general types of floor slabs commonly used in build-
;.;:' 
ing construction: (a) slabs supported on beams spanning between columns, and 
(b) slabs supported on columns only 0 The first ~e is referred to as a two-
way slab and the second as a flat slab. 1* The ACI Building Code defines these 
I: ., slabs as follows~ 
I Two -way Slab: A n slab 0 0 0 0 supported by walls or beams on all 
sides ii [in either case built monolithically with the slabsJ.** 
I Flat Slab: "A concrete slab reinforced in two or more directions, 
generally without beams or girders to transfer load to the supporting members." 
I .. ' " Two-way slabs and flat slabs as defined above are considered by the 
I ACI Building Code to be two distinctly different structural systems. Different procedures are used in designing them, and the end results are different as 
I far as strength and proportions are concernedo According to the current ACI 
Code, the total design moment in a two-way slab can be as much as 170 percent 
of that in a flat slab carrying the same load over the same span. This is in-
I' '.'~ . consistent because, although the presence of stiffer sections along the column line, the beams, in the two-way slab will change the distribution of the bend-
ing moments, it should not change the total moment. 
The exterior panels of flat slab type floors and two -way slabs are 
quite similar if the former are supported by spandrel beams. However, the 
design procedures for spandrel beams in the two systems are quite different. 
* * Numbers refer to entries in the bibliography. 2 
. The limitation in brackets is included in the 1940 Joint Committee Report 
but not in the ACI Building Code. 
-2-
The beams supporting two-way slabs are considered to be infinitely stiff and 
load is apportioned to them accordinglyo Af3 a result, the beams are either 
very stiff or, if they are relatively flexible, very heavily reinforcedo Span-
drel beams for flat slabs, on the other hand, may be either stiff or flexible, 
the load being apportioned to them according to the ratio of beam depth to 
slab thickness 0 
At interior spans between columns, flat slabs aLd two -way slabs may 
be considered as extreme cases of the same type of floor system, the flat slab 
having beams of zero stiffness between columns and the two-'WaY slab having very 
stiff beamsc For' intermediate cases, the moments would be distributed accord-
ing to the relative stiffnesses of the beams and slab. 
The differences 'iJi the design procedures for two-way slabS _.and flat 
slabs may be attributed to differences in the development of the two systems 0 
Flat slabs were being built and tested long before they could be analyzed prop-
erlyo Consequently, design methods were developed on the basis of the early 
tests. In many instances J the marmer of loading, the insufficient number of 
measurements, and incorrect interpretation of data led to the conclusion that 
flat slabs had a strength w.hich they, in fact, did not possessc This strength 
was attributed to "slab action"" Later tests and analyses led to coefficients 
for distributing the moment to various portions of the slab 0 In all cases, 
the total moment determined from the measured strains was less than the total 
static moment. When methods of analysis were developed for flat slabs, the 
total moment was simply reduced so as to be compatible with the interpretations 
of the previous tests 0 Since then, the performance of the flat slab and of 
its offshoot the flat plate in both tests and service has provided no compel-
ling reasons for increasing the moment for which they~e designedo 
I 
I 
I 
t 
I 
I 
I 
I 
1 
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Procedures for the design of two-way slabs) on the other hand) were 
developed rationallyo Individual and multiple'·panels were analyzed and dif-
ferent patterns of loading were chosen to produce maximum moments at critical 
t
o .3., 
sec ~ons'o For this reason, two-way slabs are designed for a moment greater 
than the total static moment. This procedure is consistent with the provisions 
for the design of continuous beams. For example, an interior beam may be de-
signed for 123 percent of the total static moment (Section 10J.., .ACICod.e)o 
The primary purpose of this investigation is to obtain information 
Which will either justi~ the two design procedures as they now exist or bring 
about changes in one or both of them so that<:they are compatible 0 To that end; 
static tests on quarter-scale models of typical structures of these two types 
are being carried out 0 
The structures being tested in this investigation are quarter-scale 
models of flat-slab type floors and two-way slab floors 0 Each structure con-
sists of nine square panels arranged three by three" The structures are as 
follows: 
(1) Flat plate. 
(2) Flat slab. 
(3) Two-way slab with stiff beams" 
( 4) Two -way slab with flexible beams 0 
(5) Flat slab reinforced with welded wire fabric" 
The first three slabs are typical structures designed according to the pro-
1 
visions of the ACI Building Code' -~. The fourth slab is a structure which is 
not strictly within the scope of the design provisions of the ACI Building 
Code for two ~way slabs 0 It is intended to be a structure which is intermediate 
between the flat slab and a two-way slab designed according to the present 
-4-
provisions of the ACI Building Codeo The fifth slab is a typical structure 
except that welded wire fabric is provided for reinforcing instead of in-
dividual bars 0 
At the time of 'Writing this reportJ tests on the first three struc-
tures had been completed 0 Tests on the flat plate have been reported in part 
4 by Go To Mayes J eto alo • 
102 Brief Description of Test Program 
This report describes tests on the quarter-scale flat slab (number 
2 above) 0 The test structure consisted of nine square panels arranged three 
by threeo The discontinuous edges were supported by stiff spandrel beams on 
two adjacent edges and by flexible spandrel beams on the remaining two edges 0 
A total of 38 tests were made on the flat slabo This included eight 
tests at loads below the estimated crack;n~ load of the 13 tests at de-
sign loadJ 13 tests at dead load plus 1:0.5 live loadJ and four tests to failure 
on various parts of the structure 0 Table 1 lists all of the tests on the ; 
structure, the date on 'Which they were made, the pattern of loading and the 
magnitude of load for each testo 
For each load level, one test with all panels loaded was made first 0 
Then, various combinations of panels were loaded to produce maximum positive 
and negative moments at critical sectionso In all cases, maximum moments were 
produced by loading one or more strips consisting of the three panels in a 
given ba.y~ No tests were made with single panels loaded and no tests were 
made with checker board loadiugo 
In each test, strains 'Were measured with electrical resistance 
strain gages 'Which were read semi -automatically 0 Strains were recorded direc-
tly on IBM cardso Deflections of the slab 'Were measured with dial gageso 
I 
1 
1 
I 
I 
I 
I 
I 
I 
I 
., 
J 
I 
I 
J 
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103 Object and Scope of this Report 
This report describes tests on the quarter-scale model of a flat 
slab. It is concerned with: (1) the behavior of the structure at different 
magnitudes of load, (2) the moments and stresses produced in the slab by those 
10ads,9 (3) the distributions of moments within individual panels of the struc-
ture, and (4) comparison of the magnitude and distribution of moments in the 
test structure with those specified in the ACI Building Code. 
Three of the 38 tests on the flat slab are described in this report. 
They are the design load test, the overload test (dead load plus 1.·, live ]J:)adSl 
and the test to failure, with all panels loaded in each test. The scope of 
this report was restricted to these three tests because of limitations of time 
and space. The tests with all panels loaded provided a direct comparison with 
the ACI Building Code empirical de$ign method and also provided the desired 
informat·ion concerning the distribution of moments and the general behavior of 
the structure,9 that is, deformations and cracking. 
The tests with strip loadings served two purposes: to crack the slab 
thoroughly so that the·, effect of cracking on moments could be studied, and to 
determine how much the moments at critical sections were increased by partial 
loadings 0 Preliminary studies of the test results have shovm that th'ese 
moments.were increased by 20-30 percent. However, the question of the effect 
of partial loadings is beyond the immediate scope of this report. It will be 
considered in a later reporto 
The prototype and test slab are described in Chapter 2. The mate-
rials and fabrication of the test slab are described in Chapter 30 The load-
ing system and the instrumentation and measuring system are described in 
Chapters 4 and 5, respectively 0 The testing procedure and the description of 
the tests are in Chapters 6 and 7, respectively 0 Chapter 8 describes the 
-6-
method used in computing moments from steel strains 0 Chapters 9 and 10 are 
concerned with the moments in the structure, and Chapter 11 includes a strength 
analysis of the slab. 
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20 DESCRIPTION OF TEST SLAB 
201 Description of Prototype Slab 
The test structure was a quarter-scale model of a full-sized proto-
type slab which was designed as a typical structure within the limitations 
of size and panel arrangement imposed by the requirements of the test program. 
The prototype slab was a nine -panel structure with three bays in 
each directiono Each panel was 20 ft square 0 With this arrangement, every 
type of panel, with the exception of an interior panel more than one bay dist-
ant from an edge ~ could be studiedo The layout of the prototype structure is 
sho'WIlin Figo 10 
The discontinuous edges of the structure were supported on spandrel 
beams 0 ~vo adjacent edges were supported on deep, narrow beams which were 
relatively stiff in flexureo The other two edges were supported on shallow} 
wide beams which were considerably less stiff in flexure than the deep beamso 
With this arrangement of edge beams} the structure was symmetrical about a 
diagonal line from column lto column 16 as sho'WIl in Figo 10 
The prototype slab was designed by the engineering frim of DiStasio 
and Van Buren according to the provisions of the empirical method in Section 
1004 of the 1956 ACI Building COde'l~~, ,The slab was designed for a live load 
of 200 Ibs per square foot and a slab dead load. of 84 psf, giving a total 
design load of 284 psfo The permissible stresses were: 
Concrete stress] f = 1350 psi(f U = 3000 psi) 
c c 
Working stress in reinforcement} f = 20,000 psi 
s 
:, ! 
'j 
(all steel intermediate grade) ~ 
Allowable shear stress at distance d from the face of the capital} 
Where d is the effective depth 0 
v = 0025 fO = 75 psi 
c 
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The slab was 7 ina thick. Slab reinforcement in the prototype design con-
sisted of 1/2-inc square bars so that the reduction in scale to the test 
slab in which 1/8-inc square bars were used, could be made ,directly.. The 
interior column capitals were 4-ft square and the drop panels were 6 ft 8 ino 
square and 10 ino deep 0 
The placing drawings for the slab reinforcement in the prototype are 
shown in Figo 2 and Figc 3.. The slab top steel is shown in Fig. 2 and the slab 
bottom steel is shown in Figo 3. 
The edge beams were designed for a portion of the slab live load plus 
dead load as specified in Section 1004 of the 1956 ACI Building Code plus a 
uniformly distributed load of 600 Ib per lineal foot which included the weight 
of the beam and the exterior wallo The total moment was assigned to the posi-
tive and negative moment sections of the beams as follows: 
End Span 
Exterior Negative Moment - M = -1/16 W L2 
Positive Moment + M = 1/14 w L~ 
Interior Negative Moment 
- M = -1/10 W L2 
Interior SEan 
Negative Moment 
- M = 1/10 W L2 
Positive Moment + M = 1/16 W L2 
W is the total distributed load on the beam and L is the span 
length from face to face of columnso 
The beams were proportioned according to the straight line formula 0 
The deep beam was 8 in.. wide with an overall depth of 24 in .. J the shallow 
beam was 18 ino wide with an overall dl:!pth of 10 in. The beam reinforcement 
for the prototype is shown in F.ig. 40 
-10-
The columns above the floor were designed to support a roof load and 
the columns below were designed to support a roof load plus floor loado All 
columns were designed for moments as specified in Section 1004(b) of the 1956 
ACI Building Codeo 
In proportioning the colUITh~s} the compressive steel mentioned in 
Section l109(d) of the ACI Code for which the modular ratio may be doubled was 
interpreted to be all of the steel in the column rather than the steel which 
would be in compression in a flexural membero If' the modular ratio had been 
doubled for only half of the steel) more steel would have been required~ 
The corner columns were 14 ino square} the side columns were 14 ino 
by 20 ino and the interior columns were 15 inc square 0 The column reinforce-
ment for the prototype is shown in Figo 50 
The designers of the prototype checked the empirical analysis by two 
elastic analyses 0 The two elastic analyses were (1) tlFixed Point Method VV 5 and 
(2) a moment distribution procedure in which the elastic properties of the 
various members were determined by column analogy ~ Wide.. supports were assumed 
in the first procedure and :point supports in the second. In both of these pro-
cedures} the slab was analyzed as a three-span frame} one hay wide, with the 
width being bounded by panel centerlineso 
The moments at the critical sections of the frame obtained from the 
empirical analysis} the "'Fixed Point Method li and the moment distrbution pro~ 
cedure are compared in Table 20 
202 Relationship between Test structure and Prototype Structure 
The test structure was a quarter-scale model of the prototype struc-
ture described aboveo The question always arises as to whether the behavior 
of a model is representative of the behavior of the prototypeo Although the 
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model was scaled down from a full~size structure, it could have been designed 
directly from the provisions of Chapter 10 of the ACI Code, with the exception 
of the thickness limitations of Section 1004(d)e However, the slenderness 
limitations given by equations (8) and (9) in Section lo04(d) were satisfied 
in the model 0 Although the model could have been designed directly, it was 
not j the reason being that a full-size design would be more typical ..as, 'far as 
wall loads and floor loads are concernedo 
If the test structure· satisfies the requirements of the ACI Code 
concerning slenderness, support dimensions, column stiffnesses, and arrange-
ment and percentage of reinforcement, its behavior may be considered represent-
ative and may be extended to other cases o This, of course, assumes that the 
properties of the materials in the model are also representative of the prop-
erties of the materials in a full size structure. 
The stress-strain relationships for the concrete and steel used in 
the test structure were essentially the same as for the concrete and steel used 
in full size structures. Tests on small beams have shown the moment-rotation 
characteristics to be the same as well 0 However, there is not necessarily the 
same relationship between compressive strength, modulus of rupture and shear 
strength in the small scale concrete as in ordinary concrete. 
Shrinkage in the test structure was greater than in a full size 
structure 0 This is due to the fact that the thinner sections permitted the 
structure to dry out more quickly 0 This was in part aompensated for by 
painting the t,est structure with a water-retaining paint. The increased 
shrinkage resulted in a lower cracking load ~or the test structure. 
203 Description of Test Slab 
(a) Dimensions of Test Slab 
The layout of the test slab is shown in Fig. 6. Each panel of the 
nine-panel structure was 5 ft squareo The nominal thickness of the slab was 
-12-
1 3/4 in. The panels were designated by letters A to J from the north-west 
corner panel to the south -east corner panel. S:i.mUarly, the _c61.umns were 
numbered 1 through 160 
The over-all thickness of the drop panels was 2 1/2 in.. The in-
terior drop panels were 1 ft 8 in. square 0 The interior column capitals were 
I-ft square 0 
The shallow beams were 4 1/2 ino wide and 2 1/2 ino deep. The deep 
beams were 2 in. wide and 6 in. deep. 
The corner columns were 3 1/2 in. square, the side columns were 
3 1/2 ino by 5 in .. and the interior columns were 3 3/4 in .. square. The length 
of the~columns for the test slab was determined as follows: the stiffness of 
the prototype interior columns above and below the floor was computed assuming 
the far ends of the columns to be fixed, and assuming the area within the thick-
ness of the drop panel to be infinitely stiff. TIle length of a pin-ended 
column extending only below the floor was chosen so that the column stiffness 
was the same as the stiffness of the columns of the prototype.. All stiffness 
computations were based on plain uncracked sections. The column length was 
defined as the distance from the mid-height of the slab to the center of the 
ball on which the test slab columns were supported.. It was 21 3/8 inc for 
all columns of the test structure 0 
(b) Reinforcement 
The test slab was reinforced with 1/8-in. square bars substituted 
bar for bar for the 1/2-in. square prototype bars with the bar spac'ing being 
one-fourth of that in the prototype. The placing diagrams for the slab rein-
forcement in the test slab are shown in Figs. 7 and 80 The top steel is sho'WD. 
and the bottom steel is shown in Fig. 80 
The columns and beams of the test slab were reinforced with No. 2 
plain bars. Reinforcing was prov.ided as required by the design calculations. 
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The beam reinforcing is shown in Figo 9 and the column reinforcing is shown 
in Figo lao In addition to the longitudinal column steel, No. 2 bars were 
welded across the top of the longitudinal bars to provide for transfer of 
moment from the columns into the slab. The column ties were made of liB-in. 
square bars. Beam stirrups were No" 10 wire with a yield point of about 44 
ksi. The spacing of beam stirrups and oolumn ties is shown in Figs. 9 and 10, 
respectively 0 
Due to an oversight, the columns of the test structure had too little 
steelo The moment in the columns of the prototype was to be carried by the 
columns above and below the floor 0 Since the columns above the floor were 
eliminated in the model, the columns below would have to carry all of the 
moment and should have been reinforced accordingly. This additional moment 
was not provided for in the modelo 
The columns were supported on 3/4-in~ steel plates w.hich were re-
cessed on the bottom to receive a 3/4:;...in. diameter steel ball. The steel 
balls fitted into the tops of the tripod reaction dynamometers. This arrange-
ment permitted rotation of the columns without horizontal movement. To pro-
vide for transfer of the horizontal column reactions to the steel plates, 
1/4-ino round lugs were welded to the top of the plate. 
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30 MATERIAIS AND F A13RICATION 
3 .. 1 Concrete 
The test slab was made of a small aggregate concrete consisting of 
Type 1 portland cement, a blend of coarse Wabash River sand and fine lake sand, 
and water. 
The requirements for the mix were (a) a compressive strength, f~ , of 
c 
3000 psi; (b) good workability; and (c) no excessive bleediugo Experience 
4 gained from the flat plate specimen built and tested at the University of 
Illinois prior to the flat slab governed the selection of the proper mix for 
the flat slab 0 HOvlever, three additional trial batches were made before cast-
ing of the flat slab 0 The final mix selected had a water-cement ratio by 
weight of 0072 and a ratio by weight of sand to cement of 507:1. 
The aggregate used was a blend of 80 percent by weight of Wabash 
River sand, which had a maximum size of 1/8 in., and 20 percent of fine lake 
sando The fineness modulus of the blended aggregate was 2c8. 
The concrete Was mixed in a non-tilting drum-type mixer of 6 cu. ft. 
capacity. Twelve batches were required for the slab and control specimens. 
The weight of each batch was approximately 600 lbo The mixing time for each 
batch was three minutes 0 The location of each batch in the slab is shown in 
Figo 110 
Control specimens for determining the properties of the concrete 
were made as follows: 2 by 4 ino cylinders were made from each batch and 4 
by 8-in. cylinders and beam specimens were :made from batches 3, 8 and 120 
The beam specimens were used to obtain a measure of the modulus of rupture of 
the concrete and were 2 inc wide, 1 3/4 in. deep and 18 in. longo The con-
trol specimens were 'Wrapped in wet burlap for seven days. The burlap was 
then removed and the specimens painted with Dupont "Traffic White f! paint 0 
After painting, the specimens were stored in the vicinity of the slab. 
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The majority of the control specimens were tested at the beginning 
and completion of the tests on the slab when the ages of the concrete were 78 
and 168 days, respective~. A few of the 2 by 4-ino cylinders were tested at 
7 and at 28 days in order to determine the strength vs. time properties of the 
concrete. The results for all cylinders tested at 7,-28, 78 and 168 days are 
shown in Fig. 12. 
The 78-day and l68-day strengths of the 2 by '4-ino cylinders, the 
moduli of elasticity of the 2 by 4 cylinders at 78 days, and the moduli of 
rupture at 78 days are summarized in Table 30 The mix proportions for each 
batch are also shown 0 
The concrete compressive strengths at 78 days ranged from 2000 psi 
to 4040 psi for 28 cylinders with an average strength of 2760 psi. The average 
strength of 12 cylinders at 168 days was 2320 psi, the range being from 1890 
psi to 2960 psi .. 
The moduli of elasticity were determined from stress-strain diagrams 
obtained with a compressometer having a 2 ino gage length. At 78 days, the 
values of the modulus of elasticity for the various batches ranged from 
2,400(lOOO psi to 3,900,000 psi with an average value of 3,100,000 psi for 9 
specimens 0 
The control beams were loaded with a screw-type jack mounted on a 
steel frameo Load was measured with a 10,000 Ib elastic-ring dynamometer. 
The dynamometer was equipped with a OoOOl-inQ Ames dial. The sensitivity of 
the dynamometer was 15 lb per dial division. The beams were 2-ino wide and 
1 3/4-in. deep. The beams had a 15 in. span and were loaded at the one-third 
points of the span. The average value of the modulus of rupture for ten beams 
tested at 78 days was 600 psi. 
-16~ 
302 Reinforcement 
(a) Slab Reinforcement 
The slab reinforcement used in the test specimen was cut from liS-ina 
square cold finished bars of Bll13 steelo These bars, as rolled, did not have 
the desired stress-strain propertieso The stress-strain curves did not have 
well-def~ed yield points and the stress at 002 percent offset was about 
75,000 psio Since the prototype was designed for intermediate grade steel 
with a m~tmum yield point stress of 40,000 pSi, the Bl1l3 steel was heat-
treated ~ order to change its stress-train characteristics to correspond to 
those of intermediate grade steelo 
Small trial lots were annealed by ~e Fred Ao Snow Company of Chicago 
at temperatures of 950, -1100, 1200, 1300 and, l450°F:7' for a minimum period of 
three hours 0 A number of samples from each of these lots were testedo On the 
o basis of the test results 1300 F was chosen as the optimum annealing tempera-
ture to produce the desired stress-strain characteristicso 
The steel was cut into six foot lengths and annealed in a 22 ft fur-
:naceo The temperature~of the furnace could be controlled within "±:30Fo 
In order to determine the stress-strain properties of the steel, 52 
samples about 15 ino -long were selected at rand.om from the steel used in the 
test slab 0 The samples were tested in two different machfues 0 About half of 
them were tested in the lOOO-lb range of a 10,OOO-lb screw-~~e testing 
machine 0 The yield point stresses were determined by the dr0ptof-the-beam 
method. The remainder of the samples were tested in the 1000-lb range of a 
10,OOO-lb hydraulic machine which was equipped with an automatic load-defoxma-
tion recording deviceo The strain rate was about 0003 per minuteo 
The average yield stress was 42 ksi with a mean deviation of 3 ksi. 
A typical stress-strain diagram for the 1/S-ino square slab reinforcement is 
sho~ in Fig. 130 :'r' I 
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(b) Beam and Column Reinforcement 
The reinforcement used in the beams and columns consisted of No.. 2 
plain, hot-rolled barsc Samples of these bars were tested in the 6000-lb range 
of.a hydraulic testing machineo The average yield point stress was 49 ksi on 
the basis of 4 tests and the modulus of elasticity was about 30,000 ksi. The 
ultimate stress was about 67 ksi and the elongation at fracture was about 22 
percent in 4 ino A typical stress-strain diagram is shown in F:lgo 14. 
303 Fabrication of Reinforcement 
(a) Surface Treatment 
The 1/8-ine square bars and the No 0 2 round bars used in the con:-' 
struction of the test slab were given a surface treatment to improve bond. The 
bars were first washed in a solution of hydrochloric acid to remove grease .. 
They were then placed in a fog room to rust for a period of about two· weeks. 
During the two week period the bars were shifted periodically to make sure 
that all surfaces were exposedo After this period, the bars were removed from 
the fog room, allowed to dry, and then cleaned with a wire brush. 
(b) Fabrication 
The liB-ina square slab reinforcement was tied in mats to facilitate 
placingo The mats were prepared by placing the bars in jigs and tying the bars 
together wlth black annealed wire in a sufficient number of places to make the 
mats quite rigido 
The reinforcement for columns and beams was tied together as a cage 
to be placed in the forms as a unito 
strain gage locations 'Were marked on the slab and beam steel. At 
these pOints, the surface of the steel was polished with an electric grinder 
and emery paper and then given a protective coating of Duco cement. Cork 
blnckouts were then glued or tied to the prepared surfaces. 
-lS-
3.4 Forms 
The slab form consisted of 3/4-ino plywood supported on 2 by 6-in. 
joists spaced at 15 in. The 2 by 6-in. joists were in turn supported by 4 by 
S-in. beams at 20 in. centers. The column forms were made of 3/4-in. plywood. 
The exterior faces of the beams were formed by steel channels. 
Great care was taken in aligning the column and beam forms. The ply-
wood slab forms and the steel channels were checked carefully to make sure they 
were level and that the correct slab thickness was maintained throughout. 
The forms -were thoroughly oiled before placing of the reinforcement. 
305 Placing of Reinforcement 
Column and beam cages were placed first. The column cages were held 
rigidly in place by spacers wired to the vertical steel. The beam cages were 
supported by 3/S-in. steel chairs at the ends and by the cork blockouts at the 
center .. 
The slab bottom steel mats were placed next.. They were supported on 
chairs made of 1/4-ino square bars notched to clip onto the slab steel. The 
mats were securely tied to the forms "With black annealed wire .. 
The slab top steel mats were placed last and supported on chairs 
made of 1/4-in .. square bars similar to the bottom steel chairs. The top mats 
were also tied securely to the forms 0 
Screed strips made of 5/S-ino pipe were placed at approximately the 
mid~-point of each strip of the slab (Figo 11). 
After all of the reinforcement and the screed strips were in place, 
a screed was run over the entire slab to make sure that there would be on 
obstructions to screeding during casting. 
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3 .6 Casting and Curing 
Mlxing and placing of the concrete for the test slab required about 
4 1/2 hours. Mixing was began at 9 ~ 00 aoIDo and placing was completed by about 
The concrete was transported from the mixer to the form in wheel 
barrows. The concrete was then placed in the form with bucketso The location 
of each batch is shown in Figo lIo 
The concrete in the columns and beams was vibrated internally and the 
forms were vibrated externally. The slab concrete was vibrated in place with 
a vibrating screed consisting of a vibrator rigidly clamped to a 7-ft length of 
4-in. steel channel 0 The vibratory screed was held about 1/16-in. above the 
screed strips and moved slowly across the concrete in the form. Finish screed"-
ing with a 7~:Et~'lengtb of 4-ino steel channel followed immediately after vibra-' 
tiona As soon as two adjacent strips of the slab were vibrated and screeded, 
the pipe screed strips were removed 0 The surface of the concrete was finished 
with a steel float after completion of casting. 
About five hours after casting was aompleted, the slab and control 
specimens were covered with wet burlapo The burlap was kept wet for seven 
days J after which time the forms were removed 0 After removal of the forms the 
slab and control specimens were painted with Du.pont "Traffic White 9f paint. 
307 Condition of Slab Before Testing 
The thicknesses ,of the slab and drop panels were measured at 117 
locations with a surveyorOs level 0 The mean deviation from the desired 
thickness was plus 1/32 in. The maximum deviations were plus 9/64 in. and 
minus 3/64 in. A drawing showing the contours of deviation from the desired 
thickness is shown in Fig. 15. 
-20-
The slab was inspected for shrinkage cracks 0 None were found. How-
ever, shriPLage did cause the corner columns to lift off of the supports by 
as much as 3/32 in. To correct this J shims were placed under the corner tripod 
dynamometers until contact was made between the column plate and the dynamom-
eter. 
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3.6 Casting and Curing 
Mlxing and placing of the concrete for the test slab required about 
4 1/2 hours. Mixing was began at 9~OO aomo and placing was completed by about 
The concrete was transported from the mixer to the form in wheel 
barrows. The concrete was then placed in the form with bucketso The location 
of each batch is shown in Fig. lIo 
The concrete in the columns and beams was vibrated internally and the 
forms were vibrated externally. The slab concrete was vibrated in place with 
a vibrating screed consisting of a vibrator rigidly clamped to a 7-ft length of 
4-ino steel channel 0 The vibratory screed was held about 1/16-in. above the 
screed strips and moved slowly across the concrete in the form. Finish screedo-
ing with a 7~f,t~:lengtb. of 4-ino steel channel followed immediately after vibra-
tiono As soon as two adjacent strips of the slab were vibrated and screeded, 
the pipe screed strips were removed 0 The surface of the concrete was finished 
with a steel float after completion of castingo 
About five hours after casting was ~ompleted, the slab and control 
specimens were covered with wet burlapo The burlap was kept wet for seven 
days)l after which time the forms were removedo After removal of the forms the 
slab and control specimens were l?ainted with Dupont "Traffic White 9f paint. 
307 Condition of Slab Before Testing 
The thicknes ses oofthe slab and drop panels were measured at 117 
locations with a surveyorOs level 0 The mean deviation from the desired 
thickness was plus 1/32 in. The maximum. deviations were plus 9/64 ino and 
minus 3/64 ino A drawing showing the contours of deviation from the desired 
thickness is shown in Figo 150 
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The slab was inspected for shrinkage cracks 0 None were founde How-
ever~ shriPLage did cause the corner columns to lift off of the supports by 
as much as 3/32 in. To correct this J shims were placed under the corner tripod 
dynamometers until contact was made between the column plate and the dynamom-
eter. 
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40 LOP.DING SYSTEM 
401 Reaction Frame and Loading Frame 
The test slab vas supported on a reaction frame consisting of sixteen 
concrete piers, one for each column of the test slab, located at 5-ft centers 
and cOILDected by steel beams to resist overturning. The piers were 18 ino 
square and 5 it high. The reaction frame is sho'W"TI in elevation in Fig. 16, and 
in the photographs of Figs. 18 and 190 
Load was applied to the test slab by hydraulic jacks which reacted 
against the main loading frameo The loading frame, which is shown in elevation 
in Fig. 16 and in Fig. 18, consisted of three parallel bents spaced 5 ft apart. 
The centerline of the bents coincided with the centerlines of the northf-south 
bays of the test slab. The bents consisted of lO-in. WF columns and pairs of 
18-ino channels for cross beams. Bolt holes in the columns were spac¢d at 
3 in., so that the height of the beams could be varied. The columns of the 
bents were bolted to floor beams which were in turn bolted to the testing floor 
of the laboratory. 
4.2 HYdraulic Jacks 
The test slab was loaded by means of nine 20-ton by"draulic jacks, 
one at the center of each panelo An electrically powered pump applied pres-
sure to each jack tbL~ugh a manifoldo A hydraulic gage was installed in the 
line between the pump and the manifold. 
The jacks were calibrated in a hydraulic testing machine. The 
calibration factor was nearly the same for all jacks. 
Valves were provided in the lines from each jack to the manifold 
so that the load could be applied in any one panel or in any combination of 
panels. The movable head of each jack was recessed to fit the polished steel 
balls through which the load was transmitted to the distributing frame. 
-22-
403 Load Distributing System 
The load from each hydraulic jack,: was distributed through a system 
of beams to simulate a uniform load on one panelo This distributing system 
consisted of two levels of H-frames as shown in Figse 17 and 18. The cross-
piece of each H-frame was fixed at one end to prevent rotation and pinned at 
the other end to produce a statically determinate and stable systemo 
The main beam was made of a 5-ino WF section and the smaller beams 
were made of solid rectangular steel sectionso All reactions in the system 
were transmitted through polished steel balls which fitted into recessed 
sockets 0 Tests made on one of the small H-frames showed that friction in the 
pinned joint had a negligible effect on the equality of the reactions at the 
four supports of the frameo 
The main cross beam for the distributing system in each panel was 
provided with four type A-7 SR-4 strain gages, two on the top flange and two 
on the bottom flange near midspan of the beam. The gages on each beam. were 
connected in a four-arm electrical bridge and the beams were calibrated in a 
hydraulic testing machine -to serve as 'a load-measuring deviceo This arrange-
ment resulted in a sensitivity of about 90 Ib of applied load per dial division 
of the strain indicator 0 The readings were made to one tenth of a division 
and can be considered correct to half a dial division. This corresponds to 
a reading accuracy of about 2 psfo 
The load was transmitted by the system of H-frames to sixteen 8 by 
8 by 3/4-ino. steel plates in each panelo Uniform pressure under the plates 
was provided by 3/8-ino sheets of gray sponge rubber between the plates and 
the slab. Tests on these pads showed that, under pressures comparable to 
those developed in the slab tests, the pads had sufficient lateral flexibility 
so that forces in the plane of the slab would be negligible 0 
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5 . INS TRliMENTAT I ON 
501 Strain Measurements 
The test structure was instrumented with 345 electric strain gages. 
The locations of the strain gages were chosen so that complete information 
could be obtained concerning the magnitude and distribution of moments at 
critical sections. The symmetry of the structure about the northeast-southwest 
diagonal was used to reduce the total number of gages required. The northeast 
half of the structure was full instrumented and single gages were applied at 
key locations in the symmetrical southeast half as check gages. 
In general, the strain gage layout was as follows: on the bottom 
of the slab, gages were located at intervals across panel centerlines to measure 
positive moment strains; on the top of the slab; gages were located at intervals 
across column centerlines, across the face of column capitals and edges of drop 
panels, and across the interior faces of the beamso The strain gage l~out for 
the bottom of the slab is shown in Fig. 20. The layout of strain gages on the 
top of the slab across the column centerlines and across the beams is shown in 
Figo 21, and Fig. 22 shows details of the strain gage locations over the in-
terior columns. 
The edge beams were instrumented with strain gages on the bottom 
steel at midspan and on the top steel at the column faceso 
The bottom slab steel was instrumented with t:n>e Al2 SR-4 strain 
gages having a nominal gage length of 1 in. and a nominal trim width of 1/8 in. 
The top slab steel and the beam steel were instrumented with type A7-4 SR-4 
gages with a nominal gage length of 1/4 in. and a minimum trim width of 5/32 ino 
Since gages were placed on bars in both directions, the close spacing of the 
top steel over the columns necessitated using A7-4 gages in those locationso 
-24-
To avoid possible error in swit.ching gage factors for different types of gages 
the A7-4 gages were used throughout on the slab top steel and on the beam steelo 
Of the 345 strain gages used, 90 were on the slab bottom steel, 191 
were on the slab top steel, and 64 were on the beamso 
The surface of the steel at the strain gage locations was prepared 
as described in Section )03 before placing of the steel in the formso After the 
removal of the cork blockouts, the protective coating of cement was removed with 
acetone and the surface was further polished with emery paper as required" The 
surfaces were again cleaned with acetone and the gages were .applied with Duco 
cement 0 
Before the test to failure, ten additional strain gages were mounted 
on the concrete near Column 6 in order to determine the magnitude and distribu-
tion of concrete strains at the drop panel on the bottom of the slab 0 These 
gages were type A3 SR-4 electric strain gages with anominaJ.. length of 3/4 in. 
and a minimum trim width of 3/16 in. Their location is shovm by solid circles 
in Fig" 20 .. 
502 Reaction Measurements 
The column reactions were determined from sixteen dynamometers, one 
for each column, which were instrumented and calibrated to measure the com-
ponents of' each column reaction in three directions 0 A photograph of one of 
these dynamometers is shown in Figo 230 Each dynamometer was a tripod con-
sisting of' a base plate" three tubular steel legs, a ball seat and a polished 
steel ballo The base was made of 3/4-ino steel plateo The legs were machined 
from pieces of 3/4 in plate cut parallel to the direction of rolling and had 
outside and inside diameters of 1/2 in. and 3/8 inc, respectively 0 The material 
for the legs was T-l steel, a low carbon, quenched and tempered, alloy steel 
I 
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which had a proportional limit stress of about 100 ksi and an ultimate stress of 
127 ksi as determined from samples cut parallel to the direction of rolling. 
I 
The polished steel ball was 3/4 in. in diameter. The ball seat was 
attached to the tops of the legs with a recessed pocket such that the axes of 
the legs intersected at the center of the ballo 
Ideally" the joints in the dynamometer should have been hinged to 
prevent bending in the legs. Since this was not practical, the joints were 
I 
brazed. To insure strong connections, the base plate and ball seat were drilled 
to receive the legs and the legs were then brazed into the holes. 
I The dynamometers were. instrumented with two type A7 SR-4 strain gages 
on each leg. The axes of the gages coincided with that of the leg. The gages 
I were mounted at mid-height on opposite sides of the leg at points which would be 
I 
intersected by the circumference of a circle passing through the axes of the 
three legs of the dynamometer. In order to average the strain indicated by each 
I gage, the two gages were connected in series in the electrical circuit. The dynamometers were calibrated by loading in three different known 
I directions 0 For a unit load in a given direction, the average strain indicated 
by the strain gages was the preliminary dynamometer constanto After designating 
the legs of the dynamometer as 1, 2 and 3 and the three selected directions also 
I as 1, 2 and 3" a set of nine constants, three for each leg" was obtained as follows when the load was applied in directions 1, 2 and 3: 
I Direction 1 Direction 2 Direction 3 Leg 1 Cll C12 C13 
] Leg 2 C21 C22 C23 
I Leg 3 C31 C32 C33 
When a force of unknown direction and magnitude was then applied to 
I the ~amometer, three strains were registered" one in eac~ leg" such as ~l' 
ii,<",':' j 
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.62 and .630 The magnitude and direction of this load could be determined by 
writing three equations for the three strains in terms of the components of 
the load in the directions of calibration 1, 2 and 30 
.61 = Cll PI + C12 P2 + C13 P3 
.6 2 = C 21 P 1 + C 22 P 2 + C 23 P 3 
6 3 = C31 PI + C32 P2 + C33 P3 
In order to obtain the reactions directly, the matrix was inverted 
to give the values of Pl , P 2 and P3 in terms Of'L\, .62 and.63 0 
Pl = Sl.61 + K21 .62 + F",l ~ 
P2 = IS2.61 + K22 6 2 + IS2.63 
P3 = Ki3.61 + K23.63 + IS3 1:::.3 
The final dynamometer constants, K, 'Were functions of the preliminary 
constants, C, which were determined directly 0 Since the directions of calibra-
tion did not have to be co-linear with the desired system of axes, the dynamom-
eters under the edge and corner columns were placed so that two legs in com-
pression resisted the outward thruEt in order to distribute the stresses in the 
legs more uniformly 0 The final dynamometer constants were then modified accord-
ing to the orientation of the dynamometer to give the vertical, north, and east 
components of the column reaction directly 0 
After calibration, the reaction dynamometers were placed on the re-
action frame Ehown in Figo 16 and described in Section 4010 They were bolted 
to 3/4-ino steel bearing plates on top of each reaction pier. The machined 
bearing plates had been leveled and adjusted to the same elevation with a 
surveyor v s levelc The dynamometers can be seen in Figs. 18 and 190 
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5c3 Deflection Measurements 
The vertical deflections of the slab were measured at 33 locations 
with O.OOl-in. dial gages 0 Figure 24 shows the locations and designations of 
the dial gages, which can also be seen in Fig. 19. Gages were located at the 
midpoint of each panel and at the midpoints of all beams and column center:-
lines 0 The dial gages at the midpoints of the panels were supported on adjust-
able stands resting on the flooro The stands for the gages located at the mid-
points of beams and column lines were supported on the steel beams of the re-
action frame. 
Torsional Rotation of Beams 
I The torsional rotation of two corner panel beams, one shallow and 
I one deep, were measured using sixteen O.OOl-in. dial gages during the test to failure 0 Eight dials were installed on the side of each beam, two dials mea-
I suring the rotation at the center, two at one quarter-point, and two at each 
end 0 
I 505 Reading and Recording 
I All strain gages on the slab and dynamometers were connected to a 
bank of switches. Each strain gage on the slab, each leg of the reaction 
, . 
• 4 dynamometers, and each load dynamometer was connected to a separate switch 0 
I~ I In addition, switches were provided for each of the d~ gages and each of the check gages. 
The purpose of the check gages was to provide an indication of the 
magnitude and direction of electrical drift during the course of a test. The 
71 :! , 
U check gages were mounted on a steel plate. 
[I The nine load dynamometer strain readings were read and recorded 
manually at the beginning and conclus ion of each increment of load during a 
! ':: test.. A total of 389 strains were read and recorded semi-automatically during 
each load increment of a test. 
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The switch bank was connected to a portable strain indicator 0 As 
each switch point was engaged, the portable strain indicator was balanced 
/ automatically 0 The position of the portable strain indicator slide wire was 
controlled by a servomechanism which sensed the amount of meter deflection and 
drove the slide wire in the proper direction to reduce the meter deflection to 
zero. The servo-system "las a Leeds and Northrup Type G Speedomax mechanically 
coupled to the slide wire. The input signal of the Speedomax was taken across 
the indicating meter. A photograph of the slab showing the switch bank and 
reading equipment is shown in Figo 250 
The p~rtable strain indicator was connected directly to an analog-
to-digital converting device (Benson-Lehner Decimal Converter)o As each s~itch 
point was balanced, the strain reading was fed into an IBM card punch and an 
IBM automatic typewriter 0 The data were thereby recorded on IBM punched cards 
and tabulated simultaneously. The data punched into IBM cards were then re-
duced on IBM machineso 
The readings of the deflection dial gages were read, recorded and 
reduced manually. 
The minimum time required for reading and recording the data for 
one load increment was 33-35 minuteso This included the application of the 
load and the reading and recording of 407 strain readings and 42 deflection 
readings .. 
..\ 
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6. TESTING PROCEDURE AND CHRONOLOGY 
6.1 Testing Procedure 
Each test involved the application of load in severed increments and 
the re~ing and recording of significant data at each load level. 
The maximum magnitude of the load to be applied in each test was de-
termined by the desired behavior of the structure for the particular test. The 
number and magnitude of load increments applied before reaching the maximum load 
depended on the information desired from the test and the previous history of 
loadiugo 
Except in the first two tests, as described in Section 6.2, all tests 
were begun with the weight of the load distributing beams and bearing plates on 
the slaoo This load was 22 psf, and together with the weight of the slab itself 
(22 pSi') produced a total load of 44 psf which was in place on the slab through-
out all of the tests. The additional load applied by the jacks is referred to 
as the tiapplied load" 0 The SlIDl of the "applied load" and the 44 psf initial 
load is referred to as the "total load It a 
The first set of readings for each test was the strain and deflec-
tion readings with no applied load on the slab. The strain readings were taken 
in the :following order: (1) the nine load dynamometers were read and recorded 
manually, (2) the three check gages, the slab gages, the reaction dynamometers 
and the three check gages again were recorded in that order, (3) the nine load 
dynamometers were read again. The deflection dials were read while the strain 
gages were being reado 
Before the appl,ication of load, the valves in the hydraulic jack 
lines at the manifold were checked to make sure the proper valves were open. 
One of the load dynamometers was monitored during the application of load to 
determine -when the desired magnitude of load was reached. When loading was 
stopped, the hydraulic pressure and the time were noted. Then, the dynamom.-. 
eters, strain gages, and deflection dials were read in the sequence noted aboveo 
After all strain and deflection data were read and recorded, the hydraulic pres-
sure and the time were again noted and recorded and the ·next:'increment of load 
'Was applied. Th,~s cycle vas :repeated . until the· maximum load for the test was 
reachedo After recording the data for the maximum load, the load was removed 
and a set of zero readings were taken. The structure was then loaded again in 
one incr~ent to the maximum load for the test and the strain and deflection 
data were again recorded. The load was then removed and a second set of zero 
readings takeno 
Information was also recorded concerning the crack patterns for the 
structure 0 Magnif'ying lenses were used in looking for cracks. CrackS were 
sought whenever it was expected that the moment at a critical section exceeded 
the maximum moment previously occurring at that sectiono Cracks were marked 
with pencil as they were noted and the test number and load increment were 
marked beside them 0 Photographs were taken of the bottom of the slab after 
each series of tests to a given load level 0 
The readings of all strain gages were recorded at each load incre-
ment for all the tests. This was done so that a complete strain history for 
each gage could be obtained. 
6.2 Chronology of Tests 
A total of 38 tests were made on the flat slab. The complete 
chronology of tests shOwing the dates of the tests, the patterns of loading 
and the magnitudes of the loads is shown in Table 10 
The first two tests, designated 200 ~d 201, were merely recordings 
of all the strain and deflection data before and after the installation of the 
load distributing system on the slab which produced a uniform load of 22 psf. 
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The initial test involving applied loading (test 202) was con-
ducted on February 24, 1959. In that test, a load of 46 psf was applied 
uniformly on all the panels of the test structure. Since the combined 
weight of the test slab and the load distributing equipment supported by 
the slab was 44 psf, the total load in the test was 90 psf. This level 
of loading was selected so that the estimated cracking load for the slab 
would not be exceededo 
In tests 203 to 207) various combinations of panels were loaded 
with a uniform total load of 90 psf. The panels loaded are indicated in 
Table 1. 
The structure was loaded to its design load for the first time 
in test 208 which was conducted on March 4, 1959. The applied load was 
240 psf, the total being 284 psf. 
In tests 209 to 220) various combinations of panels were loaded 
with a total load of 284 psf as indicated in Table 1. 
The structure was loaded above the design load for the first 
time in test 221 which was conducted on April 14, 1959. ~l panels of 
the structure were loaded with an applied load of 340 psf. This load 
corresponded to a total load of 1.0 dead load plus 1.5 live loads. 
In tests 222 to 233, various combinations of panels were loaded 
with a total load of 384 psf as indicated in Table 1. 
The test to failure with all panels of the structure loaded 
(test 234) was conducted on May 11, 1959. The behavior of the structure, 
the maximum load, and the mode of failure are discussed in the next chapter. 
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Tests 235, 236 and 237 were tests to failure of parts of the 
structure which were still intact after test 234. The final test on 
the structure was conducted on May 19, 19590 The total period of test-
ing from test 202 to test 237 was 85 days 0 
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7. DESCRIPTION OF TESTS 
701 Tests Described 
The tests which were analyzed in detail for this report were the 
design load test with all panels loaded (test 208), the first test above design 
load with all panels loaded (test 221), and the test to failure with all panels 
loaded (test 234)0 Therefore, only these three tests will be described in 
detailo 
Information concerning the mangitudes of the loads and the patterns 
of loading for the remainder of the tests is given in Chapter 1 and in Table 1. 
702 Test 208 (Design Load) 
(a) wading 
Test 208 was the first test in which the slab was loaded to design! 
loado Tests previous to test 208 were tests at loads below the estimated crack-
ing load of the slab 0 These tests of the uncracked slab were made with various 
patterns of loading to simulate the i~elastic n behavior of the slab 0 No cracks 
had been observed in the slab prior to test 2080 
All panels of the slab were loaded in test 208 with a total uniform-
ly distributed load of 280 psf consisting of an applied load of 236 psf and dead 
load of 44 psfo The "applied load" was the load applied to the slab by the 
hydraulic jackso The dead load was the load due to the weight of the slab 
(22 pSr), and the load distributing beams and bearing plates (22 psfL and does 
not correspond to the 84 psf dead load assumed in the design calculationso Al-
though the total load is the important quantity throughout the tests, only .the 
effect of the applied load is shown in the figures in this report. 
The 236 psi' applied load was reached in six increments of approx-
imately 40 psf eacho 
\' '. 
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(b) Deflections 
The maxlffiUffi deflection of the slab measured in test 208 was 0022 in" 
This occurred at the center of panel A, the corner panel with shallow beams on 
both exterior edgeso The deflection at the center of the interior panel was 
0 .. 065 ino The maximum deflection of the edge beams were 0,,099 and 00031 in .. 
for the shallow and deep beams; respectively" All of these deflections are due 
to the applied load only. 
Representative load-deflection curves for test 208 are shown in 
Fig. 26e The first five curves are for mid-panel deflections" Curves B2 and 
F2 are deflections at the midpoint of column centerlineso ~~es Al and c4 are 
for the midpoints of a shallow and deep beam, respectively" All of the load-
deflection curves are non-linear with the exception of c4" The non-linearity 
is primarily due to cracking" A schemat,ic diagram showing the maximum deflec-
tiOIlS due to the' appli~;d load for each dial, gage 'is shown in Fig" 27" 
(c) Stresses 
Steel stresses in test 208 were computed from measured strains using 
a modulus of elasticity of 30,000,000 psio The residual strains prior to 
test 208 were small and were neglectedo The stresses noted in the folloving 
discussion are due to the applied load onlyo 
The maximum steel stress in the positive moment steel was 2400 ksie 
This stress occurred at only one place, in a column strip in an exterior bay .. 
Stresses of the order of 14 to 16 ksi were more common 0 Diagrams showing the 
distribution of stresses in the positive moment steel across the full width of 
the structure are shown in Figs .. 28-300 
The maximum stress in the negative moment steel was 2903 ksi" This 
occurred in the middle strip across an interior column lineD Stresses in many 
I 
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1 cases were in excess of 20 ksi across the interior column centerlines and at 
the face of the capitals of the interior columnse The distributions of the 
j 
stresses in the negative moment steel at the interior column lines across the 
I full width of the structure are shown in Figse 31 and 32e The distribution 
of stresses around interior column 7 as determined from 36 strain gages is 
shown in Figs~ 33 and 340 Figure 33- shows the distribution of stresses along 
the steel in the north-south directiono The stresses on the interior side of 
the column are small because some of the moment on the exterior side of the 
I colurrm,· is absorbed by the column 0 The variation of steel stresses across 
I 
sections perpendicular to the steel in which the stresses were measured is 
I The stresses in the negative moment steel in the exterior panels 
perpendicular to the spandrel beams were very lowo The maximum stresses, ,', 
I occurred at the interior edges of the column capitals and were in the range 
I 
of 7 to 12 ksio Between columns) the stresses were less than 2 ksio The dis-
tributions of the steel stresses between columns at the slab edges are shown 
I in Figso 35 and 360 
The maximum stresses in the negative and positive moment steel in 
the shallow beams were about 1$ and 15 ksi, respectively. For the deep beams, 
these values were about 10 ksi for both the negative and positive moment steelo 
I Representative load-strain curves for test 208 are shovn in Figso 37-
I 390 Load-strain curves were plotted for gages in locations which had widely 
varying magnitudes. of stresso Consequently, the curves have different shapeso 
The first portion of all of the load-strain curves is linear 0 For this por-
tion of the curve, the concrete had not yet crackedo As cracking occurred, 
I the curves began bending over" In some cases there was an abrupt change in 
I slope and in others the change was gradual 0 The loads. at which cracking 
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occurred variedo This is to be expected since cracking would not. occur ~ all 
parts of the slab s imul t811eously . The second portion of the CtLrves 'Nas also 
more or less linear 0 This represents the behavior of the cracked sectiono 
In some of' the curves, for instance E14J the second portion of the curve was 
not developed., 
( d) Cracking 
The structure was examined for cracks after each load increment once 
the previously applied load of 46 psf had been exceededo The first Visible 
cracks were noted at a total uniform load of 158 psf (applied load of 114. psf)., 
They occurred at the exterior faces of the interior column capitals on the top 
of the slab 0 At a total load of 203 psf (applied load of 159 psf)5 cracks 
"Were noted at the edges of the drop panels -on the top of the slab at the in-
terior columns., With successive load increments, cracks formed along column 
lines on the top of' the slab J beginning at the drop panels 8..."'1d progressing,. 
away from the columns 0 At the end of the test, cracking had occurred along 
column lines from column to column in some locationso Fig~e 40 shows the 
crack pattern on the top of the slab at the conclusion of test 2080 
At the conclusion of the test~ the bottom of t~e slab was cracked 
extensively. In general, the cracks fallowed tbe pattern of the Teinf'orce-
ment in about the middle third of the panels., The load at which cracking 
first occurred ia uncertain. However, the load-strain curves for the strain 
gages on the bottom reinforcement show that cracking was fairly extensive at 
a total load of 241 psfo 
Cracking of the side columns was observed after the fourth load 
increment (203 psf total load). The cracks were located below the capital 
and extended about 1/4 in. into the column 0 i _ . J 
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7.3 Test 221 (DL + 1.5 LL) 
(a) Condition of the Slab before Test 221 
Tests 209 to 220 1vere tests with various patterns of loading at de-
sign load. The patterns of loading "i-lere chosen to produce maximum. moments at 
critical sections. Because these moments were generally somewhat higher than 
the moments in test 208, cracking was more extensive. 
The crack pattern on the top of the slab after test 220, the last 
test at design load, is shown in Fig. 41. In general, the cracks were parallel 
to column centerlines~ In some instances, a series of parallel cracks covered 
the entire width of the column strip. No cracks were observed adjacent to the 
spandrel beams. 
A composite photograph of the bottom of the slab after test 220 is 
ShOvffi in Fig. 42D Cracks occurred along the transverse reinforcing bars in 
about the middle third of the span in each panel. In the panels adjacent to 
the deep beams, cracks extended from mid-panel toward the side and corner 
columns. In the panels adjacent to the shallow beams, the cracks extended from 
mid-panel perpendicularly towards the beams. The heavy lines in the photograph 
which follow no regular pattern are strain gage leads and not cracks. 
The deep beams had flexural cracks at midspan extending from 1/2 to 
2/3 the depth of the beams. Torsional cracks had also developed near the 
supports. 
The shallow beams had flexural cracks at midspan and at the supports. 
There was no evidence of torsional cracks in the shallow beams. 
The side columns had cracks extending from the exterior face of the 
columns to about half way through the col1IDIDs. 
(b) Loading 
The maximum. applied load in test 221 was 345 psf. This load was 
reached in two in~ tial increments of about 120 psf and 4 additional increments 
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of about 25 psf. The total load was 399 psf which corresponds to dead load 
p1us 105 live loads. wad was applied uniformly in all panelse 
(c) Deflections 
The ma.x:imum deflection in test 221 liaS 0.31 in. and occurred at the 
center of Panel A (Fig. 6). The deflection at the center of the interior panel 
was C.il in.. The maximum deflections of the edge beams were 0012 and 0004 in. 
for the shallow and deep beams, respectively. These deflections were due to 
applied load only 0 
Representative load-deflection curves for test 221 are shown in 
Figo 430 The first 5 curves are center-panel deflections for panels A, BJ EJ 
F and J" Curves B2 and F2 are midspan deflections on column lines. Curve Al 
is the midspan deflection for a shallow beam and J4 is the midspan deflection 
for a deep beam. Non-linearity of the curves may be due to increased cracking 
or to redistribution of moment due to cracking:' or to yielding of the re~_ 
inforcement of another section. All of the curves are linear up to an applied 
load of 240 psf 0 This is to be expected since the structure had been loaded 
to that load ~everal times previously and no further cracking or redistribu-
tion would be expected at that loado A schematic diagram showing the maximum. 
deflections measured in test 221 is shown in Fig. 44. The deflections shown 
were due to applied load only_ 
(d) Stresses 
Steel stresses were determined from the measured strains plus cu~ 
mulative residual strains. The modulus of elasticity was taken as 30,000,000 
psi. 
The maximum. stress on the bottom of the slab was about 40 ksi. This 
stress was measured at two locations in interior column strips. In ,the strip 
adjacen~ to the deep beams, the stresses in the bottom steel ranged from 22 
,,' 
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to 31 ksi) and in the strip adjacent to the shallow beam the range was from 25 
to 37 ksio The range of stresses in the interior strip was from 7 to 34 ksio 
The stresses listed above occurred in bars at least 15 in. a\~-ay from the edge 
beams. The distributions of steel stresses in the bottom steel across the 
full width of the structure are sho"Wn in Figso 45-470 
There was some local yielding in the top steel at the interior column 
lines. The yielding occurred in the top steel parallel to and near the deep 
beams and at the face of the capital at the interior column 0 Stresses in the 
middle strips ranged from 25 to 37 ksio Stresses at the face of the capitals 
were generally in the range of 35 to 40 ksio The distributions of stresses in 
the to~ steel across the interior column lines are shown in Figs. 48 and 490 
The maximum stress in the top steel perpendicular to the edge beams 
was about 23 ksi. This occurred at the face of a capital. The maximum stress 
between columns was about 3 ksio The distributions of stresses in the top 
steel at the edge beams is shown in Figs. 50 and 51. 
The maximum stresses in the negative and positive moment steel in the 
shallow beams were about 25 and 23 ksi) respectiyelyo For the deep beams) the 
maximum stress was about 16 ksi in the negative moment steel and about 13 ksi 
in the positive moment steelo 
Representative load-strain cu-~es for test 221 are shown in Figso 52 
to 540 The curves in Figo 52 are for gages on the bottom steel. Figure 53 
shows curves for top steel gages on column lines and Figo 54 shows curves for 
top steel gages at the face of the interior column capitals. The curves are J 
in general, linear up to a load of 240 psfo Non-linearity beyond that load 
indicates further cracking at or near the gage locationso Only gage 045 
(Fig. 53) is linear to the maximum load. This can be explained by reference 
to gage c45 in Figso 31 and 380 It will be noted that gage c45 experienced a 
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large strain in test 208. This may indicate a crack of sufficient height at 
the gage so that no further cracking occurred at that point in test 221. 
(e) Cracking 
Figure 55 shows the pattern of cracks on the top of the slab at 
the conclusion of test 221. The cracks which formed during test 221 are 
ShO,\ffi in heavier lines. Very few additional cracks "V,Tere observed on the top 
of the slab in test 221. Some new cracks de~eloped parallel to column lines 
about 6 to 12 in. from the column centerlines. Crack widths around the column .... ; 
C8ptLtalS and at midspan on the clumn centerlines were about 0.005 in. Maximum 
crack widths at these locations at design load were 0.002 to 0.003 in. 
A composite photograph showing the crack pattern on the bottom of 
the slab after test 221 is shown in Fig. 56. Cracking on the bottom of the 
slab in the panels adjacent to the shallow beams consisted of the development 
of c~acks 2 or 3 in. closer to the beams) parallel to the beams; and of the 
extensive development of cracks perpendicular to the beams in the middle third 
of the beam spano In the deep beam panels" further cracking occurred parallel 
to the beams and cracks developed from mid-panel to the exterior drop panels. 
Further flexural crackiqg occurred in the deep beamso The cracks at 
midspan extended up to the bottom of the slab. Torsional cracking also de-
··.1 
yelped further in the deep beams. In the shallow beams" cracking consisted 
of flexural cracks both at midspan and at the supports. No definite torsional 
cracks developed in the shallow beams. 
The exterior columns showed definite signs of distress in test 221. 
Cracks penetrated about three-fourths of the way through the columns. The 
widths c'f these cracks were as large as 0.02 in. 
(f) Summary of Behavior . } 
.J 
Although there were localized conditions of distress in the struc-
ture in test 221" the structure'.as a whole seemed to possess a load carrying 
capa.city considerably higher than the maximum load imposed on it in this test. 
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The load-deflection character:isticsJ although not linear) showed no 
evidence of the abrupt changes in slope preceding failure. The maximum de-
flection, 0.31 in., was less than two tenths of the slab thickness and about 
1/200 of the span. However, this deflection exceeds the maximum deflection 
permitted in an acceptance test according to the 1956 ACI Building Code 
(Section 203 e). The maximum permissable deflection is given by the e~-
pression: 
10,000 t 
where t is the slab thickness and L is the span. For the test structure, .. in 
which t = 1 3/4 in. and L = 60 in., the maximum permissable .' deflection would 
be about 0.2 in. Furthermore, the load in excess of the dead load on the test 
structure vTas only 1.5 times the design live load instead of 2 times the de-
sign live load as specified in Section 202(c) and the duration of loading was 
only about 2 1/2 hr. instead of 24 hr. as specified by Section 203. 
Although there was some local yielding of the reinforcement, there 
was no evidence of the development of yield lines. Steel stresses of from 1.5 
to 1.8 times the nominal design stress were fairly common. 
704 Test 234 (Test to Failure) 
(a) Condition of the Slab before Test 234 
Tests 222 to 233 were tests with various patterns of loading at dead 
load plus 1~5 live load. The patterns of loading were chosen to produce max-
imum moments at critical sections and consequently further cracking was pro-
duced by these tests. The crack pattern on the top of the slab before test 
234 is shown in Fig. 57. Strip loadings had caused cracking beyond the ends 
of the top steel in the middle strips. The overall pattern of cracks was the 
same as in test 221. 
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Cracks on the bottom of the slab were longer) ~der and more numerous 
than in test 221~ but the pattern was essentially the same. 
The deep beams had extens i ve flexural and tors ional crackingo The 
shallow beams had extensive flexural cracking, but no torsional crackitlg .. 
Because of the iishake-do'WD.u conditions imposed by previous strip 
loadings, the side columns were in such bad state that it was considered 
necessary to provide external ~pre~tressing1l for them before the test to fail-
ure. Cracks in these columns extended from the exterior face of the column to 
within about 1/4 in. of the interior faceo Local crushing had occurred at the 
bottom of the capi t.als 0 
Wood blocks were tightly bound to the side columns below the capitals 
with steel bands in an effort to confine the concrete 0 In addition, a 10,000 Ib 
vertical force was applied to the exterior edge of the side columns by means of 
clamps. The clamps were made of two steel plates, one at each end of a 1 in. 
round rod threaded at both ends. The plates fit on the top and bottom of the 
column wlth the rod on the outside of the column between them 0 Tension was 
applied to the rod by turning one of the nutso The elongation of the rod, and 
thus the force in the rod, was measured with a Ie-inc Whittemore strain gage. 
Thet:eccentrici ty of the force was about I, 1/4 in. 
(b) Loading 
The maximum applied load in test 234 was 507 psf, the m~imum total 
load being 551 psfo The maximum load was reached in seven increments with the 
applied load at each level as follows~ 241, 348, 400, 427, 475, 499, and 507 
psf.. An attemllt was made to apply further load after the seventh increment 
but the structure could carry no more loado Large increases in deflections 
during the ~th increment were accompanied by a decrease in load. The load 
indicated by the reaction dynamometers after the eighth increment was 498 psf. 
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(c) Deflections 
The maximum deflection produ.ced in test 234 was about 1.4 in. at the 
midpoint of panel J. This deflection was reached after the useful capacity of 
the slab had been exceeded in the south strip which was composed of panels G, 
H, and J. The deflection at the center of panel J just before failure was 
0.79 in. The maximum deflection at the center of panel A was 0.66 in. The de-
flection at the midpoint of the interior panel was 0.46 in. The maximum de-
flections of the shallow beams and deep beams were 0.24 and 0.08 ~., respec-
tively. 
Representative load-deflection curves for test 234 are shown in 
Figo 58. The first three curves are for mid-panel deflections. Curves B2 and 
Jl are midspan deflections on column lines. Curves Al and c4 are the midpoints 
of shallow and deep beams, respectively. 
All of the Clli"""Ves are linear up to a load of 348 psf which was the 
approximate magnitude of the maximum load in the previous tests. Beyond this 
point the curves bend over, with the exception of C4, and at a load of 499 psf 
they are nearly horizontal.. This indicates that collapse was imminent in all 
of the exterior panels of the struct.ure at the sixth load increment. Load in-
crements 7 and e caused large increases in deflection at FO, B2 and Jl with 
very small increases in load. 
A schematic diagram showing the maximum deflections produced in 
test 234j is shown in E'ig. 59. 
Load-deflection curves for tests 208, 221 and 234 are shown in 
Fig. 60 for dial gages FO and J1. The cumulative residnal deflections for 
the intervening tests are also sho"WD.. The decreaSing stiffness of the struc-
ture is evidenced by the decrease in the slope of the initial part of the 
curves in the later tests. The continuity of the load-deflection relation-
ships is shown in that a smooth continuous curve can be drawn connecting 
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the upper portions of the curves for the three individual tests as shown by the 
dashed lines in the figure. 
Cd) stresses 
Steel stressss were determined from the measured strain plus the 
cumulative residual strain. The modulus of elasticity was taken as 30,000,000 
psi" 
The strains in test 234 had not yet been completely studied at the 
time of the i,ITiting of this reporto The strain readings presented have been 
chosen as being representative of the behavior of the structure and do not 
represent, for example, all of the gages at \vhich yielding occurredo Yield 
strains were measured at gages B4l, B44, V34, c46 and E21 (Figs 0 20 and 21). 
These are strain gages on the top steel across the column line in the column 
and middle strips, on the top steel at the face of the interior column capital, 
and on the bottom steel in the column and in middle strips. Stresses at these 
and other locations on the slab are shown in Fig. 610 The yield stress was 
taken as 42 ks i. 
Representative load-strain curves are shown in Figs. 62 to 67. Bot-
tom steel strain gages are shown in Figse 62 and 63. Top steel gages on in-
l_ -: 
terior column lines are shown in Figs. 64 to 66. Gages on the top steel at 
the face of an interior column capital are sho"WIl in Fig" 67. The load-strain 
curves are linear up to a load of 348 psf 0 
(e) Behavior of the Structure 
Up to an applied load of 428 psf, the only noticeable change in the 
structure consisted in the w~den~~g of previously existing crackse 
After the fifth load increment, 475 psf applied load, distress at 
the beam-column intersections became more pronouncedo The most obvious 'damage 
was along the south edge of the structure. The deep beams began twisting out 
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of the corner columns with the amount of separation or faulting being as much 
as 0 0 05 in. (Fig. 68a). In addition, torsional cracks in the beams at columns 
14 and 15 had opened up to as much as 0.02 in. (Fig. 68e). The deep beam on 
the east side of the structure showed much less damage. The only severe damage 
to the shallow beams was at column 10 At that location, a combined torsional-
flexural crack across the column face on top of the beam and down the side of 
the beam. opended up to about 0.05 ino The lar.gest cracks on top of the slab 
at the ~terior columns were 0.01 in. wide and occurred at the face of the drop 
panels. 
After the sixth load increment, 499 psf applied load} the top ex-
terior edge of column 14 sheared off-under the prestress~~g clamp.. This 
appeared to have no detrimental effect on the ability of the column to con-
tinue carrying load. 
Two more load increments were applied, the maximum applied load of 
507 psf being reached at the seventh incremento These final two load incre-
ments resulted in the failure of the south strip of the structure which includ-
ed panels G, H and J. A very wide crack developed on the top of the slab at 
the south edge of the capitals of columns 10 and 11 extending from midway be-
tween columns 9 and 10 to midway between columns II and 12 (Figo 69)0 The wide 
crack on the bottom in the south strip extended across panels G, H and J and 
toward corner column 16. At- ',the south side of the strip, the deep beams ,', 
twisted out of corner columns 13 and 16, and columns 14 and 15 failed, the 
failure being marked by very large rotations taking place at the bottom of 
the capital. The separation due to twisting of the beam at column 13 is 
shovm in Fig. 68a.. The condition of column 14 after failure is sho'WD. in 
Figo 6&. The crushing of the concrete below the capital can be seen clearly. 
-46-
The drop panels at the interior columns in the south strip were also 
severly damaged 0 The portion of the drop panels extending below the slab 
split away from the slab proper back to the capitals 0 Pieces of the drop panel 
could easily be removed by hando The corners of the capitals were also split 
in some instances 0 Columns 10 and 11 are shown in Figs. 68c and 68d. The 
cracks in the columns occurred in a later test of the interior panel. 
In addition to those in the south strip, very wide cracks also oc-
curred on the bottom of the slab near ~~e middle of the other three exterior 
strips 0 Local 1-lide cracks had also developed on top of the slab near columns 
6 and 7~ The crack pattern on the top of the slab after test 234 is shown in 
Figo 69.. The wide cracks are represented by heavy" cross-hatched lines.. The 
heavy line marked 1uth crosses indicates the region of crushing on the top of 
the slab. A composite photograph showing the location of cracks on the bottom 
of the slab is shown in Fig .. 70. The wider cracks are marked by cross-hatch~ 
ing. 
.PJ-though columns 14 and 15 participated in the failure mechanism, 
the failure was not necessarily premature due to the failure of those columns. 
Yield lines had developed extensively on the bottom of the slab in the other 
three exterior strips, and the steel strains indicate that general yielding 
had also occurred in the top slab steel at the interior column lineso Also, 
the load-deflection curves in Figo 58 for dial gages FO and B2, which were 
located away from the south strip, have the same flat-topped shape as the 
curve for dial gage Jlo This indicates that failure was also imminent in 
those areas a 
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8" RELATIONSHIP BETWEEN BENDING ~10MENT AND 
MEASlJRED STEEL STRAIN 
8.1 Introduction 
The resisting moment furnished by the reinforcement in a reinforced 
concrete section cannot be determined directly from measured strains in the 
reinforcement because ~art or the resisting moment is su~plied by the concrete 
in tensiono 
In order to establish ap~roximate moment-strain relationships for 
the determination of moments from steel strains measured in the slab models 
c-
tested at the tiniversity of Illinois) tests were made by F. J" Milau on 12 
beams simulating the dimensions and amount of reinforcement in the flat ~late 
and flat slab. The procedures described in subsequent sections are based on 
the results of those tests. 
8 .. 2 Moment-Strain Diagrams 
Idealized moment-strain diagrams were constructed to obtain moments 
1...11 the slab from meas11Ieo. steel strains 0 A diagram was prepared for eaCh 
steel depth occurring in the slab, as follows 
d = 2 1/4 in .. for the top layer of top bars in the drop panel, 
d = 2 1/8 ino for the bottom layer of top bars in the drop ~anel, 
d :: 1 1/2 ino for the outer layer of bars in the slab proper and 
..::l ., 2: !Q 
::Ln. for the inner layer of' bars in the slab proper .. u.. ..L .)/ u 
For each of these depths the steel percentage was varied wi thin the range of 
the steel percentage occurring in the model slab" The four moment-.strain 
diagrams listed above are shown in Figs" 71-740 
A moment-strain diagram was also prepared for eaCh section of the 
shallow and deep beams (Figo 75) on the assumption that they were rectangular 
in cross-section. 
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The moment-strain diagrams were prepared according to Method II as 
described in the report by Mila. In this method, the moment-strain diagram 
is represented by two straight lines~ One line represents the behavior of 
the section before cracking and the other represents the behavior of the sec-
tion from cracking to yieldingc 
The first straight line portion of the diagram joins the origin with 
a point whose coordinates represent the cracking moment and the steel strain 
when the cracking strain is reached in the bottom fiber of the section. Both 
of these coordinates are reduced to take into account the moment and steel 
strain due to the dead weight of the slab and the loading frame. 
The modulus of rupture for the reinforced slab was assumed to be 
360 psi in accordance with the values observed in the tests by Mila. This 
low value results from tensile stresses induced in the concrete as the rein-
forcement offers restraint to shrinkage. The modulus of rupture was further 
reduced by 60 psi to take into account dead load stresses. This value is based 
on average measured steel strains of about 20 x 10 -6 due to the weight of load 
distributing.· beams and bearing plates. The cracking moment was computed for 
sections of the slab 12 ino 'Wide using the ordinary flexure formula, a modulus 
of rupture of 300 psi, and assuming the slab to be homogeneous. The steel 
strains were computed assuming a linear distribution of strain through the 
depth of the section. 
The coordinates for the points representing yielding of the slab 
are the yield moment of the section and the yield strain for the steel. Both 
quantities were reduced for dead load moment and strain due to the weight of 
the slab and loading beams. The yield moments for various percentages of 
steel were computed by the straight line theory 0 The points representing 
yield moment and strain are connected by straight lines to the point rep-
resenting cracking moment and strain. 
I 
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803 Moments after Initial Tests 
During the initial loading of a section) the moment-strain diagrams 
described in the previous section represent the approximate resisting moment 
I related to the measured steel straino However, after the section has cracked 
and the load is removed the steel strain does not return to zero. This re-
1 
1 
sidual strain is due in part to the fact that it is impossible for the crack 
] to close completely due to the dislocation of small particles on the cracked 
surfaces of the concrete. The magnitude of the residual strain is dependent 
I on the crack height which is in turn dependent on the magnitude of the steel 
strain under load 0 
I The reloading line follows the unloading line approximately up to 
I 
the previous maximum moment and then follows the original moment-strain dia-
I Milavs tests ~~d the load-strain diagrams for individual gages in 
the flat slab show that the slopes of the unloading line and the initial part 
I of the reloading line are slightly less than the slope of the initial part of 
I 
the original moment-strain diagram. The slope of the reloading line also 
decreases as the magnitude of the residual strain increases. 
In order to establish a relationship between the magnitude of the 
residual strain and the slope of the reloading line) residual strains and 
I maximum strains measured on the second loading during given tests were plot-
ted on the moment-strain diagram for a large number of gageso The values 
I measured When a particular gage was subjected to maximum moment conditions 
were UBedo The only assumption involved was that the maximum strain measured 
was on the original moment-strain diagramo A straight line was drawn con-
I necting the residual strain on the zero moment axis with the point on the 
moment-strain diagram corresponding to the reloading strain. The angle which 
I 
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this line made with the zero mo~ent axis was measured and plotted on a diagram 
showing the variation of the slope of the reloading line with the residual 
strain. Using this procedure, the diagram in Figo 76 showing the reload slope 
VSo residual strain was preparede Curves are shown for each steel depth in 
the slab. 
The procedure used for determining the magnitude of moments during 
reloading can be seen in Fig. 77. In the figure,? a curve obtained from Fig" 73 
for an effective depth of 1 1/2 in. and a steel percentage of 0.008 is shown, 
part of 1~hich is shown by a dashed line and part by a solid line" This repre-
sents the moment-strain curve on first loading. After the concrete has 
cracked, a residual strain remains in the steel when the slab is unloaded" 
This is shown as 250 microinches in the figure. From the appropriate curve 
in Figo 76 the slope of the reloading line (sho"Wll as a solid line in the fig-
UTe) is chosen for a residual strain of 250 microinches. The complete curve 
shown by solid lines is then the proper idealized moment-strain curve for re-
loading. 
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9. MOMENTS:rn nIDIVIDUAL PANELS 
901 Introduction 
In this chapter the total moment in a panel and the distribution of 
moment within the panel are discussed for L~terior, edge, and corner panelso 
The moments obtained from the test of the model flat slab at design load 
1 (test 208) are compared with the design provisions of ~~e ACI Code . on the 
basis of the actual magnitudes of moments and the distribution of moments with-
in the panel. In all panels, the distribution of moment is presented as the 
percentage of the total moment in the column and middle strips and in the 
positive and negative moment regions" 
For the interior panel, the distribution of moment is compared with 
recorrrrnendations by Ho Mo westergaard 7 - based on a theoretical analys is, and 
with recommendations based on a photo reflective stress analysis by Bowen and 
8 Shaffer as well as with the requirements of the ACI Codeo 
9.2 Interior Panel 
( a) Total Moment 
I The total moment determined from the steel strains measured in the 
test were compared with (1) the total static moment, (2) the total moment 
I 
I 
D u 
I 
I 
U··'· f . . t: 
given by the 1956 ACI Code in equation 10 in Section l004(f) and, (3) the 
total moment as determined by a~ elastic analysis. 
The total static moment for an interior panel in an infinite array 
of panels can easily be computed exactly, as demonstrated by J. R. Nichols 
in his 1914 paper9 '. Nichols! solution was for one panel of an infinite 
array of congruent panels all uniformly loaded with the same intensity of 
loado For this case, column centerlines and panel centerlines are lines of 
symmetry and therefore lines of zero shear and zero twisting moment. Nichols 
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also assumed the shear at the columns to be uniformly distributed around cir-
cular capitalso Similarly, an expression can be obtained for a p3.i."1el with 
squaI"e capitals 0 A review of the various expressions for total moment, in-
eluding the effect of various assumptions concerning the distribution of 
shear at the capital, is given in a paper by CoP 0 Siess 10 0 _ 
The static total moment was computed for the interior panel of the 
model flat slab in a manner similar to Nichols n, analysis 0 Although the in-
terior panel does not represent the case solved by Nichols exactly) the error 
introduced should be small 0 The panel centerlines in the model flat slab are 
for all practical purposes lines of symmetry 0 However, column centerlines are 
not lines of symmetry, and some error is introduced by the existence of shears 
and twisting moments on those lineso 
The total moment was computed for the sixteen-point loading used in 
the testa The shear was assumed to be uniformly distributed around the capital 
and a reduction in moment was made for that part of the load on the capital 0 
The computed total moment for sixteen-point loading was 99 percent of the total 
moment for .uniformly distributed loado 
Measured moments ,rere determined from steel strains for each load 
increment in test 208 as described in Chapter 80 Moments were determined 
across the heavy lines shown in the sketch belowo 
I 
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Positive moment 
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The total moment was taken as the s~ of the :positive and the average negative 
moments 0 
The southwest half of the slab was not instrumented as completely 
as the sj1mlletrical northeast half 0 In cases where detailed information about 
strains in the southwest half of the panel was needed, readings from the north-
west half were used. 
The moment was assumed to vary linearly between individual gages. 
The difference between moments based on this assum:ption and those assuming a 
smooth curve joining the gages was about two percent. 
MOments were determined from steel strains in both the east-west 
and north-south directions. The moment in the east-west direction was re-
sisted by the inner layer of reinforcement and that in the north-south direc-
tion by the outer layer of reinforcement~ 
Flat slabs may be designed according to the ACI Building Code either 
by an elastic analysis or by the empirical method given in Section 1004 if the 
slab conforms to the limitations specified therein. A flat slab designed by 
elastic analysis which falls within the limitations of Section 1004 need not 
be designed for a total moment greater than that specified in Section 10040 
The total design moment for the empirical method is given by the 
following expression which is Eqo 10 in Section 1004(f) of the 1956 ACI Code. 
M = 0009 WLF (1 - £ £)2 (9.1) 
o 3 L 
where W is the total load on the panel 
L is the distance.between column centerlines 
c is the "effective support size~ 
F = 1.15 - clL but not less than one 
The above expression is based on Nichols v expression for round capitals. 
No distinction is made in the ACI Code between round and square capitals 0 
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For square capitals, the correct equation for uniform distribution of the re-
action around the periphery of the capital would be 
[ 27 C 1 (C)3J M - 0 125 WL 1 - - + - -0- 0 2 L 2 L 
To make it compatible with the design equation, it can be rewritten as 
M = 0 09 WLF [1 - :2 £ + ! (£ )3J 
o· 2 L 2 L 
In the design of the prototype slab, the following equation was usedo 
(9.3 ) 
Equation 9.3 is based on a modified interpretation of Nichols i analysis for 
the total moment. The reaction is assumed to be uniformly distributed around 
the periphery of the capital. Thus, its centroid lies at a distance ~ c from 
the column centerline. This is interpreted as a reduction in the span, the 
l'effective spant.1 being L(l - t c). 
The terms in parenthese on the right hand side of Equations 9.1, 902, 
and 9.3 are listed below for clL = 0 0 2. 
Eq~ 9.1 
Eq. 9.2 
If the ACI Code had been used at face value, the design moments would have 
been four percent higher than those based on Equation 9030 The "exact" value 
given by Equation 902 is 97 percent of that given by Equation 903. In all 
comparisons in this chapter, the design moments based on Equation 9c3 have 
been used .. 
In addition to the empirical method,' the prototype slab was 
designed by an elastic analysis as described in Section 2.1 of this report. 
The total moment obtained in the "Fixed Point Method" is used here for c'Om-
parison wLth the other values of the total moment described above. 
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Six values of total moment for the interior panel are listed in the 
table below as folilio'ws: the measured total moments in each direction; the 
average measured total moment; the design total moment as given by Equation 
903 CACI empirical method); the design total moment determined by the "Fixed 
Point Method f1; and the static total moment 'which 'Has computed as described 
above 0 All values of the total moment shown in the table are· for a load of 
236 psf which was the maximum applied load in test 208. 
Comparison of Total Moments in Interior Panel 
Measured Computed 
E-W N-S Avg. 
Design 
Empirical Elastic 
29.5 . 2301 .31.0 kip-in . 
The measured total moments in the two directions agreed very well. 
The two design moments were also very closeo The ratio of the average mea-
sured moment to the empirical design moment was 10280 The ratio of the 
average measured moment to the computed moment vras 0.96 which shows very good 
agreement 0 
The design total moment sho"WIl in the above table is for an interior 
panel. Because the interior panel of the test structure was surrounded on 
all sides by exterior panels, steel was provided for a total moment greater 
than that required by Equation 9.30 Steel was provided for a total moment 
of 25.1 kip-ine which is still much less than the measured or computed total 
moments 0 
The total measured moments for each load increment in test 208 are 
plotted against load in Fig. 78. Tne computed total moment and design total 
moment are also shovm on the figure. The measured total moment agrees with 
the computed total moment very well throughout the test. The measured total 
moments are consistently about 25 to 30 percent greater than the design total 
moment 0 
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(b) Distribution of Moment within the Panel 
Measured moments at various sections of the interior panel are shown 
in Table 4 for each load increment in test 208. The design moments are shown 
for the maximum applied load in the test. In Table 5: the moments given in 
Table 4 are shown as -percentages of the total moment in the panel. In Tables 
4 and 5 and in all subsequent tables: the measured moments shown are the 
averages of moments in the north-south and east-west directions. 
The comparison of measured moments and design moments at various 
sections in the interior panel is shown in Figs. 79 and SO. In Figo 79 the 
moments are given in kip-ino and in Figo 80 moments are given as percentages 
of the total moment. 
The values of measured moment: empirical design moment and elastic 
design 1lloment for each of the above sections for an applied load of 236 psf 
are tabulated belowo Also: the measured moments are compared with both design 
moments. 
Comparison of Moments in Interior Panel 
Design Moment Measured Measured Momo 
Empirical Elastic Moment Design Mome '-':'j ~~) 
kip-in" kip-in. kip-in. percent 
(1) (20 (3 ) (3)/(1) (3)/(2) 
Negative Moment 
. Col. Strip 11.6 12~3· 12,,1 93 95 
Mid Strip 3 .. 5 3·9 7,,9 203 19S 
" 
Positive Moment 
Col. Strip 4.6 4.1 5.1 ill ill 
Mid Strip 3·5 207 4.6 131 144 
Total Negative 1501 16.2 2000 llS 120 
Total Positive 8 .. 1 6.8 geS 120 124 
Total Col. Strip 16.2 16.4 17.2 98 100 
Total Mid Stri-p r. o 6.6 12·5 169 174 
Total Moment 2302 23.0 29.S 119 121 
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The maximum deviation of the measured moments from the ACI moments 
was in the middle strip negative moment region where the measured moment was 
about twice as large as either of the ACI design moments. The measured moment 
in the positive moment regicn of the middle strip was also much larger than 
the design moments, being about 103 times as large as the empirical design 
moment and 1.4 times as large as the elastic design moment. 
In the column strip, the measured moment was about 95 percent of the 
design moments at the negative moment section and about l.l times as large as 
the design moments at the positive moment sectiono 
The ratio of total negative to total positive moment was about the 
same In each case, being about 2 to 10 However, the ratio of measured column 
strip to middle strip moment was only about 1~4 compared ~o a design column 
strip to middle strip moment ratio of about 2.4. 
The distribution of moment in the interior panel as a percentage of 
the total moment is shown in the table on the following page. Values are 
given for the measured moments in each direction and for their average, for 
the distribution recommended by the ACI Code, Sections l003(c) and l004(f); 
for the distribution as recommended by westergaard for elL = 002; and for 
8 
values recommended by Bowen and Shaffer e The latter does not permit a 
direct comparison because the ratio of support width to span, clL, is only 
0065 as compared to 0020 in the test model. However, WestergaardVs studies7 
showed that the distribution of moments between column strips and middle 
strips is relatively insensitive to clL, so the comparison is of some 
interest. 
There was reasonably good agreement in distribution of total moments 
between total positive moment and total negative moment sections. 
The measured positive moment was more evenly distributed between 
the column strip and the negative strip than specified by the ACI Codeo The 
measured ratio of column strip to middle strip positive moment was about 101 
as compared to 1033 as required by the 9fempiricaJ. methodfr~ and by Bow·en and 
Shaffer., and 105 as recommended by Westergaard and by the ~e1astic method". 
Comparison of the Distribution of MOment in the Interior Panel) 
% of Total Moment 
JI.1easured Homent Design Moment Wester- Bowen 
E-W N-S Avgo Empirical Elastic gaard and 
Shaffer 
Negative Moment 
Col. Strip 40 .. 3 41~1 40.,7 50 5303 48.,4 50.2 
Mid StriI> 25.5 27.,6 26.6 15 16.9 16.7 12.6 
Positive Moment 
Col., StriI> 17.8 1605 1701 20 17·9 20.9 21.,3 
Mid StriI> 16.4 14.8 15.6 15 1109 14.0 15·9 
Total Negative 6508 68.7 67.3 65 70.2 6501 62.8 
Total Positive 3402 3103 32·7 35 2908 34.9 37·2 
Total Cblo Strip 5801 57.6 5708 70 71.,2 69.3 7105 
Total Mid Strip 41,,9 4204 4202 30 28.8 3007 28.5 
Total Moment 100.,0 100.,0 100.0 100.0 10000 100.0 100.0 
A more pronounced difference is seen in the distribution of negative 
moment 0 The code indicates a concentration of negative moment in the column 
strip with a ratio of column strip to middle strip negative moment of about 
three 0 Bowen and Shaffer show this to be even more pronounced for a smaller 
clL with a ratio of column strip to middle strip negative moment of fouro 
However) the measured negative moments were much more evenly distributed. The 
ratd.o.of column strip to middle strip negative moment was only about 1050 
The distributions indicated by Westergaard and by Bowen and Shaffer 
are for slabs without drop panelso Those indicated by the code are adapted 
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from Westergaard's analysis with adjustments for the case of a slab with drop 
panels, on the assumption that the additional stiffness of the drop panel 
would draw more moment to that section. Consequently, the ratio of column 
strip to middle strip negative moment is 3.33 for a slab with drop panels as 
compared to 2.88 for a slab without. 
The difference between the distribution of negative moment as in-
dicated by the test and that indicated by Wester,gaard may be partially attri-
buted to redistributiono As cracking occurs in the maximum moment region in 
the column strip, the stiffness of the column strip is decreased and more 
moment is throvffi to the middle strip where the stiffness has not been reduced 
by cracking. m,.." .LV check interpretation, 
each load increment in test 208. 
distributions were studied for 
The effects of redistribution ac~oss the positive and negative moment 
sections are shown in Figc 81a. The measured moments at each section as per-
centages of the total moment are plotted as ordinates and the loads in psf are 
plotted as abscissas. There was no really large redistribution of moments in 
the interior panel. The proportion of the total moment carried by the column 
strip sections decreased slightly with increasing load and the proportion 
carried by the middle strip sections increased correspondingly. 
Figure 81b shows ratios of column strip to middle strip positive 
moment and column strip to middle strip negative moment with increasing loado 
There is an indication of some redistribution of negative moment since the 
ratio of column strip to middle strip negative moment ~rops from 1~8 at 37 
psf to 1.45 at design load. However, the maximum value of 108 recorded is 
still far short of the 303 value specified by the ACI Code. 
The ratio of column strip to middle strip positive moment at 
lower loads as shown in Fig. 81b is 105, as the code specifies, and decreases 
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significantly only after the fourth load incremento An examination of the 
load strain curves for the positive moment gages in the interior panel shows 
that cracking in the column strip did occur after the fourth load increment 
and that there was little or no cracking in the middle strip positive moment 
areao 
903 Design Moments 
The total moment fer which individu.al panels of a flat·,. slab are de-
signed as required by the ACI Building Code is given by Equation 9.1. This is 
Eauation (lO) in Section i004(f):of the ACI Code. HoweverJ the design of the 
test slab was based on Equation 903 which is a mod.ification of Equation 9010 
The effective support size 9~C~~ in Equation 903 may not be the same 
for all of the columns supporting a given panel. This is usually the case for 
exterior panels. The ACI Code has made provision for this as followso The 
average value of c at the two supports at the ends of a column strip are used 
to evaluate the total moment in determining bending in the column strip. The 
average value of the total moments, as determined for the two parallel column 
half strips in the panel, is used in determining bending in the middle stripo 
For middle strips parallel to discontinuous edges, the total moment used in 
determining bending is assumed to be the same as in an interior panel (Sec-
tion 10041') 0 
In the case Where a beam frames into a column without a bracket 
or capital on the same side with the beam, the effective support size is 
defined by the ACI Code, Section 1004(c), as the width of the column plus 
twice the projection of the beam above or below the slab or drop panel. 
The percentages of the total moments J as defined above, apportioned 
to positive and negative moment sections of column and middle strips of slabs 
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with drop panels is shown in Figo 1004(f)b of the 1956 ACI Building Code. 
Various exterior support conditions and marginal half column strip conditions 
are sho"Y.711o The side support conditions 1" 2 and 3:J and the exterior support 
conditions AJ B and C are defined in Table 1004(f) of the ACI Codeo Moment 
coefficients for intermediate cases may be obtained by interpolation 0 
The total moments and moment coefficients for each section of the 
proto:type structure are shown in Figo 820 Moments are shown in the north-south 
directiono Where drop panels were omitted on corner columns, coefficients 
from Table 1004(f)a of the ACI Code were used for the exterior negative moments 
and the average of coefficients from Table 1004(f)a and 1004(f)b were used for 
positive momentso 
9.4 Moments Parallel to Beam in Deep Beam Edge Panel (Panel F) 
(a) Comparison of Total Moments 
For moments parallel to the beam in an edge panel or a corner panel" 
a flat. slab proportioned according to the provisions of the ACI Code is de--,', 
signed on the basis of two values of total momento . The interior column strip 
and the middle strip are designed on the basis of a total moment computed 
from the interior support conditione The wall strip is designed on the basis 
of total moment computed from the exterior support condition. Therefore, a 
direct comparison between the ACI total design moments and the measured total 
moments could not be madee For comparison, the total ACI design moment for 
the whole panel was obtained by summing the moments for which each section 'of 
the panel was designedo 
Figure 83a shows the comparison between the design total moment and 
measured total moment parallel to the beam in the edge panel adjacent to the 
deep beamo The total moment is plotted as the ordinate and the load is plot-
ted as the abscissae Total measured moments were determined'at each load 
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increment in test 208. At an applied load of 236 psf, the total measured 
moment parallel to the deep beam was 3608 kip-in. and the total design moment 
was 37.6 kip-in. The ratio of measured total moment to design total moment 
was 0.98 at an applied load of 236 psf. At lower loads, the ratio of measured 
to design total moment was even less. Although there was good agreement in-
sofar as total moments were concerned, the distribution of moments within the 
panel was different as the follOwing discussion shows. 
(b) Distri""bution of Moment within the Panel 
Moments parallel to the beam at various sections of the panel F are 
sho"Wn in Tables 6 and 70 Measured moments are shown for each load increment 
in test 208 and design moments are shown for the maximum applied load in test 
208. Moments are shown in kip -in. in Table 6 and as a percentage of the total 
moment in Table 7 e Figure 84 shows the comparison between measured moment 
and design moment at each section of the panel in kip-in. at maximum applied 
load. Figure 85 shows the comparison between measured moment as a percentage 
of total measured moment and design moment as a percentage of total design 
moment at each section of the deep beam edge panel at the maximum applied 
load of 236 psf 0 
The table on the following page shows the comparison between des ign 
and measured moments at each section in the panel for an applied load of 236 
psf. 
The negative moment sections carried a larger percentage of the 
total moment than required by the ACI Code. The measured negative moment 
was 70.5 percent of the total measured moment whereas the design negative 
moment was 64.3 percent of the total design momente 
The measured moments were very evenly distributed across the nega-
tive moment region. The design moments, on the other hand, were concentrated 
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ComEarison of Moments PaTallel to DeeE Beam 
Md M M es meas meas 
M M Total Md Total M M des meas es meas des 
kip-ino kip-inc percent percent percent 
Negative Moment 
Colo Strip 6·5 6.7 17.4 18.2 103 
Mid Strip 309 609 10.4 18.7 177 
Wall Strip 302 601 805 16.5 191 
Beam 10,,5 6.3 28 .. 0 17·1 60 
Pos i ti ve Moment 
Colo Strip 203 206 601 7·0 113 
Mid Strip 305 4·5 903 1202 129 
Wall Strip 1.2 101 3 .. 2 300 92 
Beam 604 207 1701 7 .. 3 42 
Total Negative 24.1 2600 64.3 70.5 108 
lbtal Positive 1304 1009 35· 7 2905 81 
Total Colo Strip 808 903 2305 25.2 106 
Total Mid Strip 7.4 11.4 19·7 30.8 154 
Total Wall Strip 
and Beam 21.3 16.2 56.8 44.0 76 
Total Moment 3705 3608 10000 100.0 98 
in the beam and in the interior column strip. The beam alone was designated 
to tru~e 43.5 percent of the total negative moment whereas the measured moment 
in the beam was only 24.2 percent of the total measured negative moment. The 
measured ratio of total column strip negative moment (interior column strip, 
wall strip and beam) to middle strip moment was 2.78 at 236 psf compared to 
the design ratio of 50150 
The measured negative moment in the interior column strip compared 
very well with the mome,nt for wh!ich that section was designed. However) the 
measured middle strip negative moment was 1077 times the design moment; the 
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measured wall strip negative moment was 1.88 times the design moment and the 
measured beam negative moment was 0.60 times the design moment. 
In summary, the test indicates that in the negative moment region 
the middle strip and wall strip are under-designed and the beam is over-
designed. 
In the positive moment region of the deep beam edge panel, as in the 
negative moment region, the measured moments were distributed more evenly than 
the design moments. The ratio of measured total column strip positive moment 
to measured middle strip positive moment was 1.42 at an applied load of 236 
psf. The ratio of design column strip positive moment to design middle strip 
positive moment was 2.84. 
The measured positive wall strip and column strip moments compared 
fairly well with the design moments. However, the measured positive middle 
strip moment was 1.29 times the design moment and the measured beam positive 
moment was less than half the design moment. This shows that the positive 
middle strip region is under-designed and the beam is greatly over-design~d. 
For a depth of beam to thickness of slab ratio as in the deep beam 
of the test, the ACI Code specifies that the beam be designed to carry 40 per-
cent of the total load on the panel. However, computations based on the mea-
~~ed moment in the deep beam and assuming uniformly distributed load showed 
that at an applied load of 236 psf the deep beam carried only 22 percent of 
the total load on the panel. This is only a little more than half the load 
for which the beam was designed. 
It was mentioned in the discussion of total moments in the deep 
beam edge panel that the high value of total moment parallel to the beam for 
which the slab was designed was misleading. If the beam were designed to 
c~ 22 percent of the total load on the panel instead of 40 percent, the 
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total design moment 'would be 31.3 kip-ino instead of 3706 kip-in. This_re-
duced total moment' is 84.3 percent of the measured total momenta 
Figures 80a and 86b show the effects of redistribution of moments 
parallel to the deep beam as the load in the panel increases. Figure 86a 
shows the measured moment in each sect·ion of the negative moment region of the 
edge panel adjacent to the deep beam as a percentage of the total measured 
moment plotted as the ordinate and the load in psf plotted as the abscissa. 
Figure 86b shows the measured moment in the positive moment region as a per-
centage of the total moment plotted as the ordinate and the load in psf plot-
ted as the abscissao 
Figure 86a shows that in the negative moment region of the deep beam 
panel there was a large decrease in the proportion of the total moment carried 
by the wall strip with each successive load after the third increment. The 
proportion of the moment carried by the beam increased greatly after the third 
load incremento The interior column strip shows a large increase after the 
second load increment and then tapers off gradually to somewhat less than its 
original value at the maximum applied loado The middle strip shows a very 
slight increase throughout the testo 
In the positive moment region there are no marked changes in the 
distribution of momentso The proportion of moment carried by the beam in-
creases slightly and the proportion carried by the interior column strip 
decreases slightly after the fourth load increment. 
The most significant deviations of the test results from the ACI 
Code requirements are as follows ~ 
10 The deep beam carried only 55 percent of the load for which 
it was designedo 
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2. The measured positive moment in the middle strip was 129 percent 
of the design moment for that section. 
3. The measured negative moment in the wall strip was 188 percent 
of the design moment for that section. 
4. The measured negative moment in the middle strip was 174 per-
cent of the design moment for that section. 
9.5 Moments Parallel to Beam in Shallow Beam Edge Panel (Panel B) 
(a) Comparison of Total Moments 
Total measured moments and total design moments parallel to the beam 
in the shallow beam edge panel are compared at an applied load of 236 psf. 
The total design moment used for comparison with the total measured moment was 
obtained by summing the moments for which each section of the panel was de-
Signed. Measured moments were obtained at each load increment in test 208 as 
discussed in Section B.2. 
Figure 83b shows the comparison between total measured and design 
moments at each load increment during the test. The total moment in kip-in. 
is plotted as the ordinate and the load in psf is plotted as the abscissa. 
At the maximum applied load of 236 psf, the measured total moment was 37.0 
kip-in. and the total design moment was 3404 kip-ino The ratio of measured 
to design total moment was 1.oB. 
The total moments parallel to the beams should be the same in the 
shallow beam and deep beam edge panels (panels B and F) since the support 
conditions are identical. The measured total moments for the two cases 
agreed very well with values of 37.0 kip-in. and 36.9 Kip-in. in panels B 
and F, respectively. The total design moments~ on the other hand, were 34.~ 
kip-in. and 37.5 kip-in. for panels B and F. 
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(b) Distribution of Moment within the Panel 
Moments parallel t.o the beam at various sections of the shallow beam 
edge panel are Shovffi in Tables 8 and 90 Measured moments are shown for each 
load increment in test 208 and design moments are shown for the maximum applied 
load in test 2080 Moments are sho"'\,m in kip-ino in Table 8 and as a percentage 
of the total moment in Table 90 
The comparison of measured moments and design moments at various 
sections for an applied load of 236 psf is shown in Fig. 870 The measured 
distribution of moment within the panel is compared with the design distribu-
tion in Figo 880 The moment.s at various sections are shown as a percentage of 
the total moment at an applied load of 236 psfo 
The table belovT shows the comparison between design moments and mea-
sured moments of each section in the panel for an applied load of 236 psf. 
COIDEarison cf Moments Parallel to Shallow Beam 
M~ M Md M M es meas meas 
aes meas Total M Total M Mdes des meas 
kiE-ino kiE-ino "percent Eercent Eercent 
Negative Moment 
Colo Strip 605 605 1809 17·6 100 
Mid Strip 309 601 1105 1605 156 
Wall Strip 603 608 1804 18.3 108 
Beam 509 408 1701 1209 81 
Posit.lve Moment 
Colo Strip 203 209 608 7·9 123 
Mid Strip 305 506 1001 15·2 160 
Wall Strip 204 201 608 5·7 88 
Beam 306 202 1004 5·9 61 
Total Negative 2206 2402 6509 65.3 107 
Total Positive li08 1208 34.1 3407 108 
Total Colo Strip 808 904 2507 2505 107 
Tot.al Mid Strip 704 1107 2106 3107 158 
Total Wall Strip 
and Beam 1802 1509 5207 4208 82 
Total Moment 3404 3700 10000 100,,0 108 
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In the negative moment region, the measured moment in the wall strip 
and in the column strip compared fairly well with the design moments, both as 
to actual magnitude and proportion of the total moment. The negative middle 
strip carried much more and the beam less than the design moments specified 
by the ACI Code. The measured middle strip moment was 1.56 times as large 
as the design middle strip momento 
In the positive moment region, the measured moments in the middle 
strip and interior column strip were larger than the design moments in those 
sections 0 The ratio of measured moment to design moment was 1.60 in the mid-
dle strip and 1023 in the column stripo The measured moments in the wall 
strip and beam were correspondingly smaller than the design moments. The 
ratio of measured moment to design moment was 0.88 in the wall strip and 
0.61 in the beamo 
The distribution of the total moment between the positive and nega-
tive moments were 34e5 and 65.5 percent respectively of the total measured 
moment. The design distribution was 34.3 percent positive moment and 65.7 
percent negative moment. 
By interpolating between the values shown in Table 1004(f) of the 
ACI Code~ a beam with the proportions of the shallow beam in the test model 
should carry 22 percent of the total load in the panel. Computations based 
on the measured moment in the shallow beam and assuming the load to be uni-
formly distributed showed that at an applied load of 236 psf the shallow 
beam carried 18.8 percent of the applied load which was 74 percent of the 
load for which it was designedo 
The effects of redistribution in the negative and positive moment 
regions are shown in Figc 89. Figure 89a shows the measured moment in each 
section of the negative moment region of the panel as a percentage of the 
. . I 
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total measured moment and Figo 89b shows the measured moment in each section 
of the positive moment region of the panel as a percentage of the total moment 
at each load increment in the testo The moment in each section is plotted as 
the ordinate as a percentage of the total measured moment in the panel and 
the load in psf is plotted as the abscissao 
Figure 89b shows that in the positive moment region a slight de-
crease in the proportion of the total moment occurred as the load increasedo 
The wall strip, middle strip and beam moments remained fairly constant. The 
proportion of moment in the interior column strip decreased with increasing 
loado The load-strain diagrams for the positive moment gages in the column 
strip and middle strip show that cracking occurred simultaneously in both 
strips after the fourth load increment (177 psf)o Therefore, instead of re-
distr-ibuting moment from the column strip to middle strip as was the case in 
the interior panel, the moment was shifted to the negative moment regiono 
As the load was increased, the proportion of moment carried by the 
~ 
wall strip 'and the middle strip decreased slightly; the proportion of moment 
carried by the interior column strip increased slightly; and the proportion 
of moment carried by the beam increased from less than 5 percent to about 13 
percento 
The high measured moments in the middle strip and the low measured 
moments in the beam cannot be attributed to any effect of redistribution. 
In general, the proportion of moment carried by the middle strip was a min-
imum at the maximum applied load of 236 pSI and the proportion of moment 
carried py the beams was a maximuu at the maximum applied load. 
The major differences between the measured moments and the ACI 
design moments are as follows: 
10 The measured moment in the middle strip of the negative moment 
region was 156 percent of the design moment. 
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2. The measured moment in the middle strip of the positive moment 
region was 160 percent of the design moment. 
9.6 Comparison of Moments Parallel to Beam in Deep Beam and Shallow Beam 
Edge Panels 
The total measured moment parallel to the beam was 37.1 kip-in. in 
the shallow beam panel and 36.8 kip-in. in the deep beam panel at the maximum 
applied load of 236 psf in test 208. 
The deep beam panel carried a larger proportion of the total moment 
in the negative moment region than the shallow beam panel. The negative 
moment in the deep beam panel was 70 1.,5 percent of the total moment compared 
to 65.5 percent in the shallo·\{ beam panel. 
Although the deep beam carried more moment tgan the shallow beam, 
the difference was not as large as that indicated by the ACI Code. The deep 
beam had a total depth of beam to thickness of slab ratio (hit) of 3.42 and 
the shallow beam had a hit ratio of 1.43. According to the ACI Cdde, the 
deep beam should be designed for 40 percent of the total load on the panel 
and the shallow beam for 22 percent of the total load. Accordingly, the 
deep beam should carry 10 82 times as much load as the shallow beam. The 
actual measured ratio of deep beam moment to shallow beam moment was le17. 
In the negative moment region, the wall strip and shallow beam 
together carried 31.1 percent of the total moment whereas the wall strip and 
deep beam carried 33.6 percent of the total moment in the panel. In the 
positive moment region, the shallow· beam and the wall strip carried 11.6 
percent of the total moment and the deep beam and the wall strip carried 
10.3 percent of the total moment. Thus, in the shallow beam panel} 42~7 
percent of the total moment was carried in the beam and wall strip and in 
the deep beam panel 4309 percent of the total moment -was carried in the beam 
and wall strip. .. 
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In the shallow beam panel, 31.7 percent of the total moment was 
carried by the middle strip; this figure was 30.9 percent for the deep beam 
panel. The ACI Code assigns only 21.6 percent of the total moment to the 
middle strip in the shallow beam panel and 19.7 percent to the middle strip 
in the deep beam panel. 
In the interior column strip, the proportions in the two panels are 
almost identical, with 25.5 percent of the total moment being carried in the 
interior column strip of the shallow beam panel and 25.4 percent of the total 
moment being carried by the interior column strip of the deep beam panel. 
Although proportions of the total moment in each of the above strips 
-Vlere very close for the two panels) in each case a lq.rger proportion of the 
moment was in the negative moment region of the strip in the deep beam panel 
than in the shallow beam panel. 
The effect of beams of different depths on moments in strips parallel 
to the beam seems to be significant only in the wall strip adjacent to the 
beam. 
In both panels the middle strips carried a great deal more moment 
than indicated by the ACI Code (318-56) and the wall strip and beam together 
carried less moment. 
9.7 Moments Perpendicular to Beam. i"n Deep Beam Edge Panel (Panel F) 
(a) Comparison of Total Moments 
Total measured moments and total design moments perpendicular to 
the beam in the deep beam edge panel are compared at the ma.x:iJ:num applied 
load of 236 psf in test 208. The total moments measured in test 208 at each 
load increment were determined.as described in Section 8.2 The total design 
moment was determined as the sum of the design moments for the individual 
sections of the panel. 
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Figure 90 shows the comparison between measured and design total 
moments at each load increment in test 208. The total moment in kip-in. is 
plotted as the ordinate and the load in pounds per square foot is plotted as 
the abscissa. 
The total measured moment perpendicular to the deep beam was 28.6 
kip-in. at an applied load of 236 psf and the total design moment was 25.2 
kip-in. The ratio of measured to design total moment was 1.14. 
(b) Distribution of MomeJt within the Panel 
MOments perpendicular to the beam at various sections of the deep 
beam edge panel are shown in Tables 10 and lle Measured moments are shown for 
each load increment in test 208 and design moments are shown for the maximum 
applied load in test 208. Moments are shown in kip-in. in Table 10 and as a 
percentage of the total moment in Table 11. 
The comparison of measured moments and design moments at various 
sections is shown in Fig. 91 for an applied load of 236 psf. The measured 
distribution of moment within the panel is compared with the design distribu-
tion in Fig. 92. The moments at various sections are shown as a percentage of 
the total moment at an applied load of 236 psf. 
The table on the foYo"1dng pa.ge Shows the·eomparis.on .between measured 
moments and design moments r at'variou.s sect~ons.- in' the -panel at an applied load 
of 236 psf. 
The largest differences between measured moments and design moments 
were in the middle strip. At the interior column line, the ratio of measured 
to design moment was 1.90. At the exterior edge, this figure was 0.50. In 
the positive moment region, the ratiotof measured to design moment in the 
middle strip was 1.30. In the column st~p the ratio was 1.18. 
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ComEarison of Moments Perpendicular to Deep Beam: 
M M M 
l~ 1v1 des meas meas 
.l.des meas Total Md Total M 1v1 es meas des 
kip-in .. kip-in. percent percent percent 
Negative Moment 
Exterior Col. Strip 8.3 8.6 33·1 29.9 104-
Exterior Mid Strip 4.6 2·3 18.4 7·9 50 
Interior Col. Strip 13.0 13· 9 51·7 48.5 107 
Interior Mid Strip 3.9 7.4 15·7 25·9 ~90 
Positive Moment 
Col .. Strip 5.6 6.6 22.1 23·1 118 
Mid Strip 4.6 6.0 18 .. 4 20·9 130 
[~r'otal Ext,erior Negative 12.9 10·9 51·5 37.8 84 
Total Interior.Negative 16.9 21·3 67.4 74.4 126 
Average Negative Moment 1409 16.1 59·5 5600 108 
Total Positive Moment 1002 1206 40.5 44.0 124 
Total Column Strip 16.2 17·9 64.5 6205 110 
Total Mid Strip 8.9 10.8 35·5 37·5 121 
Total Moment 25·1 28·7 100.0 100.0 114 
The test shows that 74.2 percent of the total measured moment was 
carried in the interior negative moment region as compared to 67.3 percent 
specified by the ACI Code; 38.0 percent of the total measured moment was 
carried in the exterior negative moment region as compared to 51.4 percent 
specified by the code; and 43.9 percent of the total measured moment was 
carried by the positive moment region as compared to 40.6 percent specified 
by the ACI Code .. 
The distribution of moments within the positive and negative moment 
regions were as follows. In the interior negative moment region, the ratio 
of measured column strip to measured 'middle strip moment was 1.87 as compared 
-74-
to a ratio of design column strip moment ~6 middle strip moment of 3.30. In 
the exterior negative moment region, the ratio of measured column strip moment 
to middle strip moment was 3.80 and the ratio of design column strip moment to 
middle strip moment was 1.80. In the positive moment region, the ratio of 
measured column strip to middle strip moment was l.ll and the ratio of design 
.column strip to middle strip moment was 1020. These figures indicate that in 
the interior negative moment region and the positive moment region the moments 
were more evenly distributed than the ACI Code indicates. In the exterior 
moment region the test results show that the moment was concentrated more in 
the column strips than the ACI Code indicates. 
The effects of redistribution are shown in Fig. 93. Figure 93a 
shows the measured moments at each section in the negative moment region and 
Figo 93b shows the measured moments at each section in the positive moment 
regiono Moments at each section as a percentage of the total measured moment 
are plotted as ordinates. The load .in pounds per square foot is plotted as 
the abscissa. 
During the early stages of the test, up to the third load increment, 
the moment was shifted from the negative moment sections to the positive 
moment sections. For the remainder of the test the process was reversed as 
moment was shifted from the positive moment sections to the negative moment 
section. 
In sUImIlary, for the moments perpendiculLar to the deep beam in an 
. i 
edge panel the most significant deviations of the test results from the ACI 
Code provisions were as follows: 
I. The measured interior middle strip negative moment was 190 
percent of the design moment for that section. 
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2. The measured exterior middle strip negative moment was 50 
percent of the design moment for that section. 
3. The measured column strip positive moment was 118 percent 
of the design moment for that section. 
4. The measured middle strip positive moment was 130 percent 
of the design moment for that section. 
908 Moments Perpendicular to Beam in Shallow Beam Edge Panel (Panel B) 
(a) Comparison of Total Moments 
The total measured moment and total design moment perpendicular to 
the beam in the deep beam edge panel are compared at the maximum applied load 
of 236 psf in test 2080 The total measured moments at each load increment 
in test 208 were determined using strain gage readings and moment-strain dia-
grams as described in Section 8.2. The total design moment was determined as 
the sum; of the design moments for the individiual sections of the panelo 
Figure 94 shows the comparison between measured and design total 
moments at each load increment in test 208. The total moment in kip-in. is 
plotted as the ordinate and the load in pounds per square foot is plotted as 
the abscissa. At an applied load of 236 psf the total measured moment was 
2909 kip-in. and the total design moment vTas 25.0 kip-in. 
measured to design moment was 1.19. 
(b) Distribution of Moment within the Panel 
The ratio of 
Moments perpendic1 1ar to the beam at various sections of the shal-
low beam edge panel are shovffi in Table 12 and 13. 14easured moments are shown 
for each load increment in test 208 and design moments are shown for the 
maximum applied load in test 208. Moments are shown in kip-in. in Table 12 
and as a percentage of the total moment in Table 13. 
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The comparison of measured moments and design moments at various 
sections is shown in Fig. 95 for an applied load of 236 psf. The measured 
distribution of moment within the panel is compared with the design distribu-
tion in Fig. 960 The moments at various sections are shown as a percentage 
of the total moment at an applied load of 236 psf. 
The table below shows the comparison between measured moments and 
design moments at various sections in the panel at an applied load of 236 psf. 
ComEaI'ison of Moments Pe~endicular to Shallow Beam 
M M M M M des meas me as des meas Total Md Total M M es meas des 
kip-in. kip-L"1 o percent percent pe~cent 
Negative Moment ..".' 
Exterior Colo Strip 1000 6.6 40.2 2200 66 
Exterior Mid Strip 206 1.1 10·3 3.6 42 
Interior Col. Strip 1300 14.0 52.0 46.9 108 
Interior Mid Strip 3.9 8.2 15.8 27.4 210 
Positive Moment 
Col. Strip 5.6 7·5 22.3 25.0 134 
Mid Strip 406 7·5 1806 25.1 163 
Total Exterior Negative 12.6 7·7 50.5 2506 61 
Total Interior Negative 16.9 22~'2 67.8 74.3 132 
Average Negative Moment 1408 14.9 59.2 49.9 100 
Total Positive Moment 10.2 15·0 40.8 50.1 147 
Total Column Strip 17.1 17.8 6803 59.7 104 
Total Mid Strip 7.9 12.1 3107 40.3 153 
Total Moment 25.0 2909 100.0 100 00 119 
The largest difference between measured and design moments was in 
the middle strip. The ratio of measured to design moment in the middle strip 
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was 2010 in the interior negative moment region) 1.63 in the positive moment 
region and 0042 in the exterior negative moment regiono 
In the column strip) the exterior negative moment section carried 
less moment than the ACI Code requires &~d the positive and interior negative 
moment sections carried moreo The ratios of measured to design moments were 
0066, 1034 and 1 0 08 in the exterior negative) positive and interior negative 
moment sections J respect.ively. 
The measured ratio of average negative moment to positive moment was 
about. loa as compared to a design ratio of about L 5 0 The measured ratio of 
column to middle strip moment '-Tas about 105 as compared to a design ratio of 
about 2020 
The effects of redistribution are shown in Figo 970 Fi~xre 97a 
shows the measured moments perpendicular to the beam at each section in the 
negative moment regions and Figo 97b shows the moment perpendicular to the 
J 
beam at each section in the positive moment region. Moments at each section 
as a percentage of·the total measured moment are plotted as ordinates 0 The 
load In pounds per square foot is plotted as the abscissa. During the early 
stages of the test; up to the third load increment, moment was shifted from 
/the column strip negative moment sections and the interior middle strip nega-
,f 
tive moment section to the middle strip positive moment section. After the 
third load increment, the moment was shifted from the interior column strip 
negative moment section and the column and middle strip positive moment sec-
tions to the exterior column strip negative moment region. The load-strain 
diagrams for the strain gages in the various sections of the panel show that 
in general the shifts in moment from the sections as shown .in Figo 97 coin-
cide with cracking at the particular sections. 
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In summary, for the moments perpendicular to the shallow beam in an 
edge panel the most significant deviations of the test results from the ACI 
Code provisions are as follows: 
1. The measured interior middle strip negative moment was 210 per-
cent of the design moment for that section. 
2. The measured exterior column negative moment was 66 percent of 
the design moment for that section. 
3. The measured exterior middle strip negative moment was 42 per-
cent of the design moment for that section. 
4. The measured column strip positive moment was 134 percent of the 
design moment for that section. 
5. The measured middle strip positive moment was 163 percent of the 
design moment for that section. 
9.9 Comparison of Moments Perpendicular to Beam in Deep Beam and Shallow Beam 
Edge Panels 
(a) Comparison of Total Moments 
The curves showing the relationship between total moment and applied 
load for the deep beam edge panel (F) and the shaliliow beam edge panel (B), 
Figs. 90 and 94 respectively, are nearly linear up to the third load increment. 
At that load, the total moment was 16.4 kip-in. in panel F and 14.8 kip-in. in 
panel Bo This is as would be expected because the span length from the in-
terior column centerline to the inside face of the beam is greater in panel 
F than in panel B. 
After the third load increment the curve for panel B remained 
approximately linear up to the maximum load. However, this was not the case 
in panel Fo The slope of the curve for panel F decreased abruptly after the 
third load increment. Consequently, at the maximum applied load the total 
.. J 
I 
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moment in panel B was greater than that in panel F. The total moments at that 
\ load were 29.9 kip-in. aDd 2806 kip-in. in panels B and F) respectivelyo This 
J reversal can be explained as follow·s. 
I In an isolated panel) the relationship between total moment and load 
would be linear. Any redistribution of moment due to cracking would be con-
fined to the panel since there would be no other place for it to goo However) 
in any structure consisting of more than one panel the moment may be shifted 
to an adjacent panel when cracking occurso Consequently) the relationship be-
tween total moment and load need not be linear. If the non-linearity of the 
curve in Fig. 90 for panel F can be attributed to this cause) the correspond-
I ing curves for the adjacent panels should show an increase in slope after load 
I 
increment three. As can be seen from Fig. 98) the curve for panel J) does 
show such an increase in slope after load increment four. 
I (b) Comparison of the Distribution of Moments within the Panels 
The percentages of the total measured moment carried by the in-
I terior negative moment sections were 74.0 percent in the shallow beam edge 
I 
panel and 74.2 percent in the deep beam edge panel. 
The percentages of the total measured moment carried by the ex-
terior negative moment sections were 2507 percent in the shallow beam edge 
panel and 38.9 percent in the deep beam edge panel. The moments at the ex-
I terior edges "Vlere distributed as follows. For the shallow beam edge panel 
22.0 percent was in the column strip and 307 percent in the middle strip. 
I For the deep beam edge panel 30.0 percent was in the column strip and 8.0 
1 percent was in the middle strip. j 
The percentages of the total measured moment carried by the posi-
t tive moment sections were 50 0 0 percent in the shallow beam edge panel and 
4309 percent in the deep beam edge panel. 
I 
] 
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The Fercentages of the total measured moment carried by the column 
strip were 5ge3 percent in the shallow beam edge panel and 6202 percent for 
the deep beam edge panel. 
The percentages of the total measured moment carried by the middle 
strip were 40.7 percent in the shallow beam edge panel and 37.8 percent in 
the deep beam edge panele 
The most significant difference between the two panels, sO"far as 
the distribution of moments is concerned, was that the shallow beam attracted 
much less moment than the deep beam. 
The negative moment which is attracted by the beams is a function of 
both their flexural stiffness and their torsional stiffness. Although the 
shallow and deep beams probably had about the same torsional stiffness, the 
shallow beam had much less flexural stiffness. The measured mid span deflec-
tion of the shallow beam was 00036 ino as compated to 00007 in. for the deep 
beamo The relatively large deflection of the shallow beam prevented moment 
from being attracted to ito 
9010 MOments in the Deep Beam Corner Panel (Panel J) 
': (a) Comparison of Total Moments 
The total measured moment and total design moments in the deep beam 
corner panel are compared at the maximum applied load in test 208. The total 
measured moment was determined from steel strain measurements and moment-
strain diagrams as described in sections 8.20 The total design moment was 
defined as the surne of the design moments at each section of the panel. 
Figure 98 shows the comparison between measured and design total 
moments at each load increment in test 2080 The total moments in kip-in .. 
are plotted as ordinates and the applied loads in pounds per square foot 
are plotted as the abscissas. Figure 98 shows that the slope of the total 
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measured moment line increased after the fourth load increment (177 psf). It 
vlas pointed out in Section 9~ 7 that this was probably due to the redistribu"-" 
tion of moment to the corner panel from the adjacent panelo 
At an applied load of 236 psf, the total measured moment was 4001 
kip-ina and the total design moment was 3701 kip-ino The ratio of measured 
to design total moment was 10080 
Distribution of Moment within the Panel 
Moments at various sections of the deep beam corner panel are shown 
in Tables 14 and 150 Measured moments are shoYm. for each load increment in 
test 208 and design moments are shown for the maximum applied load in test 2080 
Moments are shown in kip-inc in Table 14 and as a percentage of the total 
moment in Table 150 
The comparison of measured moments and design moments at various 
sect,ions is shown in Figo 99 for an applied load of 236 psf 0 The measured and 
design distributions of moment within the panel are shown in Fig .. 1000 The 
moments at various sections are shown as percentages of the total moment~ 
The table on the following page shows the comparison between mea-
sured and design moments at various sections at an applied load of 236 psfo 
The average measured negative moment compared very well with the 
design momentso HOvreverJ the distribution of negative moment betweeu""the 
panel edge and the interior column line was quite different from the spec7" 
ified by the ACI Codec The measured total exterior negative moment was 80 
percent of the deslgn moment and the measured total interior negative moment 
was 122 percent of the design valueo 
In the exterior negative moment region, the measured moment in the 
beam and wall strip agreed very well with the design moments. However, the 
measured moments in the middle strip and interior column strip were much less 
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Comparison of' Moments in Panel J 
Exterior Negative Moment 
Colo Strip 
Mid Strip 
Wall Strip 
Beam 
Interior Negative Moment 
Colo Strip 
Mid Strip 
Wall Strip 
Beam 
Positive Moment 
Colo Strip 
Mid Strip 
Wall Strip 
Beam 
Average Negative Moment 
Total Positive Moment 
Total Colo Strip Moment 
Total Mid Strip Moment 
Total Wall Strip and Beam 
'I'Otal Moment 
M des 
kip-in. 
402 
406 
109 
606 
6.5 
309 
302 
1005 
208 
4.6 
105 
705 
20.,7 
1604 
801 
809 
2001 
37·1 
M 
meas 
kip-in. 
305 
109 
200 
605 
7·5 
6,,0 
601 
909 
306 
600 
201 
607 
2107 
18.4 
901 
10,,0 
2100 
4001 
Total Md es 
percent 
1103 
1204 
501 
17~8 
1705 
1005 
806 
2803 
705 
12 .. 4 
400 
20 0 2 
5508 
4402 
2107 
240 0 
5403 
100.0 
M M 
meas meas 
Total M Mdes meas 
percent percent 
B07 B3 
407 41 
500 105 
1602 98 
1B·7 115 
1500 154 
1502 191 
2407 94 
9.,0 129 
1500 130 
502 140 
1607 89 
5401 105 
4509 112 
2207 112 
2409 112 
5204 105 
10000 loB 
than the design valueso The measured moment in the interior column strip was 
83 percent of the design moment and the measured moment in the middle strip 
was only 41 percent of the design momenta 
In the interior negative moment region, the greatest discrepancies 
between measured moments and design moments were in the middle strip and the 
wall stripo The ratio of measured moment to design moment was 1054 in the 
middle strip and 1.,91 in the "Wall stripe 
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In the positive moment region, the total measured moment was 112 per-
cent o£ the total design momento The ratio of measured moment to design moment 
was 1029 in the interior column strip, 1.30 in the middle strip, 1040 in the 
wall strip, and 0089 in the beam. The moments carried by the wall strip and 
beam together agreed very well, this figure being 9 0 0 kip-in. for the design 
moment and 8.8 kip-inc for the measured moment. 
The meas.ured moments were distribut.ed more evenly in the interior 
negative moment region and in ~~e positive moment region than indicated by the 
ACI Codeo In the interior negative moment region, the ratio of total column 
strip moment (column strip, wall strip and beam) to middle strip moment was 
3091 in the testo Th~s f~gure was 5015 according to the ACI design moments. 
In the positive moment region, the ratio o£ measured total column strip moment 
to measured middle strip moment was 2.05 as compared to 2.53 for the design 
moments. 
In the exterior negative moment regio,n, more moment was concentrated 
in the column strips than specified by the ACI Code. The ratio of measured 
total column moment to measured middle strip moment was 6027 compared to a " 
ratio of 2.72 for the design moments. 
The redistribution of moments within the deep beam corner panel 
during test 208 is shown in Figs 0 101 and 102ao Figure 101 shOv7s the re-
distribution of moments in the negative moment regions and Figo 102a shows 
the redistribution of moments in the positive moment region. In both figures 
the moment at each section as a percentage of the total measured moment in 
the panel is plotted as the ordinate and the load ps£"is plotted as the ab-
scissao 
Figure 101 shows that the negative moments in the beam increased 
greatly after the second load increment. Overall decreases are indicated in 
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the percentage of total moment at the interior column, interior wall and ex-
terior middle strips. A small increase is seen in the proportion of moment 
carried by the interior middle strip and the exterior column strip. 
Figure 102a shows that, in the positive moment region, the pro-
portion of the total moment carried by the column strip and the middle strip 
decreased with load after the third load increment. Also, the proportion of 
the total moment carried by the beam in the positive moment region increased 
with load from the second to the fifth increment. 
The total load carried by the deep beam as computed from the moment 
and assuming uniform load was 36.3 percent of the applied load on the panel. 
This shows fairly good agreement with the 40 percent value specified by the 
MI Code" It is, however, much greater than the relative load carried by the 
deep beam in the edge panel which was 22 percent of the load on the panel. 
In summary, for moments in the deep beam ,corner panel the most sig-
nificant deviations of the test results from the ACI Code provisions were '~a6 
felt-lows: 
1. The measured total exterior negative moment perpendicUlar to 
the deep beam was 80 percent of the design moment. 
20 The measured exterior column strip negative moment was 83 per-
cent of the design moment. 
3. The measured exterior middle strip negative moment was 41 per-
cent of the design moment. 
4. The measured interior middle strip negative moment was 154 per-
cent of the design moment. 
5. The measured interior wall strip negative moment was 191 per-
cent of the design moment. 
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60 The measured column strip positive moment was 129 percent of 
the design moment. 
70 The measured middle strip positive moment was 130 percent of 
the design moment. 
B. The measured wall strip positive moment was 140 percent of the 
design moment. 
9.11 Moments in Shallow Beam Corner Panel (Panel A) 
:(a) Comparison of Total Moments 
J The total measured moment and total design -.moment fOI'C,ithe::.shallbw 
I 
I 
I 
I 
J 
l 
J 
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beam corner panel are compared at the maximum applied load in test 20B. The 
total measured moment was determined from steel strain measurements and 
moment-strain diagrams as described in Section B.2. The total design moment 
was determined as the sum of the design moments at each section in the panel. 
Figure 103 shows the comparison between measured and design total 
moments in the shallow beam corner panel at each load :increment in test 20B. 
The total moments in kip-in. are plotted as the ordinates and the applied 
loads in pounds per square foot as the abscissas. The measured total moment-
applied load relationships is very nearly linear throughout the test. 
At an applied load of 236 psf, the total measured moment in the 
shallow beam corner panel was 40.7 ki-p-in" and the total design moment was 
33.B kip-in. The ratio of measured to design total moment was 1.20. 
(b) Distribution of Moment within the Panel 
Moments at various sections of the shallow beam edge panel are 
sho"WIl in Tables 16 and 17. Measured moments are shown for each load in-
crement in test 20B and design moments are shown for the maximum applied 
load in test 208. MOments are shown in kip-in. in Table 16 and as a per-
centage of the total moment in Table 17. 
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The comparison of measured and design moments at various sections of 
the panel is shown in Fig. 104. The measured and design distributions of moment 
within the panel are shown in Fig. 105. Moments at various sections are shown 
as percent~es of the total' moment at an applied load of 236 psf. 
The table below shows the comparison between measured and design 
moments at various sections in the panel at an applied load of 236 psf. 
Comparison of Moments in Panel A 
Exterior Negative Moment 
Col. Strip 
Mid Strip 
Wall Strip 
Beam 
Interior Negative Moment 
Col" Strip 
Mid Strip 
Wall Strip 
Beam 
Positive Moment 
Col. Strip 
Mid Strip 
Wall Strip 
Beam 
Average Negative Moment 
Total Positive Moment 
Total Colo Strip Moment 
Total Mid Strip Moment 
Total Wall Strip and Beam 
Total Moment 
M M Mdes 
des meas Total Md 
es 
kip-in.. kip-in. percent 
5.0 
206 
404 
3·7 
1902 
14.6 
8.6 
7·9 
17·3 
3 .. 5 
1.1 
1.8 
14.8 
707 
1300 
1009 
1902 
11·5 
1806 
1705 
56.8 
43.2 
25·5 
23.4 
51.1 
100.0 
M 
meas 
Total M 
meas 
percent 
17·7 
18 .. 2 
17·0 
24.1 
M 
meas 
Mdes 
percent 
70 
42 
41 
95 
III 
190 
110 
166 
143 
150 
90 
155 
107 
138 
108 
142 
117 
120 
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The total measured exterior negative moment was 909 kip-in. compared 
to a design moment of 15070 Most of this difference in moment was caused by 
the discrepancies in the measured and design moments in the slab rather than 
in the beamo Although the measured beam moment compared fairly well with 
the design beam moment, the measured beam moment represented 806 percent of 
the total measured moment and the design beam moment was 10.9 percent of the 
total design momenta 
The comparison of moments in the slab in the exterior negative 
moment region was as follows. In the column strip, the ratio of measured 
moment to design moment was 00700 This ratio vTas 0042 in the middle strip 
and 0 .. 41 in the wall stripo The percentage of total moment measured in the 
column strip was 806 percent compared to 14.8 percent required by the ACI 
Codeo In the middle strip, the measured moment was 207 percent of total com-
pared to the design value of 707 percento In the wall strip, the measured 
moment was 404 percent and the design value was 1300 percent. 
The total measured interior negative moment was 3103 kip-in. com-
pared to a design moment of 2206 kip-inc Although the measured moments in 
all sections were higher than the design moments, the largest differences 
were in the middle strip and beam momentso 
The ratio of measured moment to design moment in the middle strip 
of the interior negative moment region was 10900 In the beam, the ratio 
of measured moment to design moment was 10660 The ratio of total moment 
measured in the middle strip was 1802 percent compared to a design value 
of 1105 percent 0 The measured beam moment was 24.1 percent of the total 
moment and the design percentage was 1705 percent. The measured values of 
moment and the relative distribution for the column strip and the wall strip 
compared fairly well with the design valueso 
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The total measured moment in the positive region was 2001 kip-in. 
compared to the design moment for the positive moment region of 14.6 kip-in. 
The largest differences were in the column strip, middle strip and beam 
moments. 
In the wall strip, the measured moment was 90 percent of the design 
moment. . However, the measured moment represented only 6.6 percent of the 
total measured moment Whereas the design percentage was 8.9 percent. 
The ratio of measured moment to design moment in the column strip 
of the positive moment region was 10430 For the middle strip this figure 
was 1050 and for the beam it was 10550 The measured column strip moment was 
j 
9.8 percent of total measured moment compared to a design percentage of 8.3 • 
.. -
In the middle strip the measured percentage of moment was 17.0 percent com-
pared to a design percentage of 1306. In the beam the measured moment was 
16.0 percent of the total measured moment and the design moment was 12.4 per-
cent of the total design momento 
The test resul~s show a more even distribution of moment in the in-
terior negative moment region and in the positive moment region than indicated 
by the ACI Code. In the interior negative moment region, the ratio of total 
column strip moment (column strip, wall strip and beam) to middle strip moment 
was 3.220 This figure 'Was 4.75 according to the ACI design requirements. In 
the positive moment region, the ratio of measured total column strip moment 
to measured middle strip moment was 1.93. For the design moments, this 
figure was 2015. 
In the exterior negative moment region, the test showed more moment 
to be concentrated in the column strips than specified by the ACI Codeo The 
ratio of measured total column strip moment to measured middle strip moment 
~i 
was 8034 compared to a ratio of 5.12 for the design moments. 
....:~ ", 
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The redistribu.tion of moments within t,he shallow beam corner panel 
during t.est 208 is ShOitffi ~Ln Figs 0 l02b and 106 ~ Figure 1020 shows the re-
distribut,ion of moments in the positive moment region and Figo 106 shows the 
redistribution of moments in tbe negativ-e moment regionso In both figures 
the moment at each secti~n as a percentage of the total measured moment in 
the panel is plotted as the ordinate and the load in psf is plotted as the 
abscissao 
.. 
.i Figure 102b shows t.hat in the positive moment region of the shallow 
I beam corner panel, the proportion of the total moment carried by the middle 
strip, column strip and wall strip decreased -with load after the t.hird in-
I crernento The high valu.e shown fer the middle strip on the second load in-
I 
crement is probably in error~ The proportion of the total moment carried by 
the beam increased with load. after the second incremento 
I Fig~e 106 shews a verJ large increase in the proportion of the 
moment carried by the beam at the interior support 0 A fairly large increase 
I is also shown for the exterior column strip 0 Small decreases are shown in 
the proportion of moment carTied by the interior middle strip and wall strip} 
the exterior wall and the beam at the exterior supporto 
Computations based on the measured beam mOTIlents and assuming uni-
formly distributed load show that 3109 percent of the total load on the panel 
I was carried by the shallow beamso This is appreciably greater than the 22 
percent specif±ed by the AC: Code and the 18 percent carried by the shallow 
beam supporting the edge panelo 
J: 
In summary J for moments in the shallow beam corner panel the most 
significant deviat.ions of the t.est results from the ACI Code requirements 
for the shallow beam corner panel were as follows: 
10 The measured total exterior negative moment perpendicular 
to the beam was 63 percent of the design momento 
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2. The measured exterior column strip negative moment was 70 per~ 
cent of the design moment. 
30 The measured exterior middle strip negative moment was 42 per-
cent of the design moment. 
40 The measured exterior wall strip negative moment was 41 percent 
of the design momento 
50 The measured interior middle strip negative moment was 190 per-
cent of the design moment. 
60 The measured interior negative moment in the beam was 166 per-
cent of the design moment .. 
7. The measured column strip positive moment was 143 percent of 
the design moment. 
Bo The measured middle strip positive moment was 150 percent of 
the design momento 
90 The measured positive moment in the beam was 155 percent of the 
design momento 
9" l~ Comparison of Moments in Deep Beami and Shallow Beam Corner Panels 
(a) Comparison:, of Total Moments 
At an applied load of 236 psf, the total measured moment was 4000 
kip-in .. in the deep beam corner panel and 40 .. 6 kip-ino in the shallow beam 
corner panel .. 
(b) Comparison of the Distribution of Moments within the Panels 
The percentages of the total measured moment carried by the in .. 
terior negative moment sections were 7305 percent in the deep beam panel 
and 77.1 percent in the shallow beam panel .. 
The percentages of the total measured moment carried by the ex-
terior negative moment sections were 35.1 percent in the deep beam panel 
and 2402 percent in the shallow beam panel. 
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The percentages of the total moment carried by the positive moment 
sections were 4508 percent in the deep beam panel and 4904 percent in the 
shallow beam panel 0 
In the deep beam panel) the moment carried by the column strip was 
2206 percent of the total momento For the shallow beam panel, this figure 
was 23 0 0 percento 
The moment carried by the middle strip was 2409 percent of the total 
measured moment in the deep beam panel and 27.3 percent of the total measured 
moment in the shallow beam panel 0 
The wall strip carried 1504 percent of the total measured moment in 
the deep beam panel and l703 percent of the total moment in the shallow beam 
panelo 
The deep beam carried 37 ~ 1 percent of the total moment in the panel 
and the shallow beam carried 3204 percent of the total moment in the panel .. 
9013 General Discussion of Moments in Individual Panels 
(a) Total Moments 
The ratio of the measured total moment to the design total moment 
varied from 0098 to 1022 for the five panels studiedo With one exception, 
the lowest ratios of measured total moment to design moment were in panels 
where the beam contributed to the total design moment of the panelo This is 
the case fer moments parallel to the beam in the edge panels and for the 
corner panels 0 The one exception was the shallow beam corner panel where 
the ratio. of measured total moment to design total moment was 10200 
The table on the following page shows the ratio of measured 
moment to design moment for the total moment in each panel, the total 
moment in the slab ~ and the total moment in the beams 0 
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Total Moment Slab Moment Beam Moment 
Panel measured measured measured design design design 
percent . percent percent 
Interior Panel (E) .. ·-122 ___ ·'122 
Deep Beam Edge Panel (F) 
Parallel to Beam 98 135 53 
Perpendicular to Beam 113 113 
Shallow Beam Edge Panel (B) 
._--... 
,-- "-
Parallel to Beam 108 120 74 
Berpendicular to Beam 120 120 
Deep Beam Corner Panel (J) 108 121 93 
Shallow Beam Corner Panel (A) 120 ill 146 
The figures in the second column of the table above,. show that the 
slab design moments were alvays smaller than the measured moments, the ratio 
of measured to design slab moment ranging from 1.11 to 1~35. On the other 
hand, the figures in the last column of the table ._show that this ratio varied 
from 0.53 to 1.46 for the spandrel beamso Consequent~, the total design 
moments in spans ¥.rb.ere the beams were overdesigned were comparable to the 
measured moments. 
(b) Distribution of MOments 
In all panels studied, the negative moment at interior column lines 
in the middle strip was much greater than the design moment. The ratio, df 
measured moment to design moment for these sections varied from 1.54 in 
panel J to 2010 in panels E and B. 
The distribution coefficients given in the 1956 ACI Code for a 
slab with drop panels were adapted from the coefficients computed by 
westergaard'?" for a slab without drop panels and with circular column i 
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capitals on the assumption that the drop panel stiffened the column strip and 
attracted more moment to ito Figure 107 shows the theoretical distribution 
for a slab without drop panels and with square columns as obtained from a 
finite difference solution of a slab with elL = 0025 1°0 The distribution 
in the center panel of the test structure measured at an applied load of 236 
psf in test 208 is shown in Fig. 1080 The ordinates in both figures are values 
of the moment coefficient MIN tot~ 0. 
The curves for positive moment in "the two figures are similar in 
shape and differ only in that the theoretical coefficients are somewhat higher 
in the~' column strip than the coeffic~ents~obtained in the testo 
The curves in the two figures representing moments across the column 
centerline (Section 1) are quite dissimilar 0 The ordinates for the theoret~ 
ieal curve are much lower than those for the experimental curve, and the 
shapes of the two curves are differento The curves representing moments 
across a line at the face of the capital (Section 2) have the same shape but 
the ordinates are different. Although the different values of clL would have 
some effect on the values of the ordinates to the curves, the shapes should 
be generally the sameo Therefore, the marked differences in the curves must 
be due to other causes such as the drop panels and the properties of the test 
structure. 
The peaks on the exper:imental curve for Section 1 in Fig. 108 occur 
at the edges of the drop panel and may be due to the effect of the drop panelo 
The moment adjacent to the column capital is zero in Fig. 107 but not in 
Figo 1080 This may be due in part to the limit on max:imum rate of stress 
change in the steel imposed by Dond and to the fact that the column capital 
in the test structure is not a non-deflecting, infinitely rigid support as 
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assumed in the analysis. The large values of the ordinates of the experimental 
curve at the center of the middle strip cannot be attributed entirely to the 
effect of the drop panel. The interior panel of the test structure does not 
represent exactly the case considered in the analysis since it is not one of 
an infinite array of congruent panels. The discontinuous edges of the test 
structure can rotate towards the interior column line whereas) because of 
symmetry, no rotation occurs at column lines in the analysis. Consequently, 
moment does not build up at the edges of the structure but is attracted to the 
interior column line. 
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10 0 MOMENTS ACROSS TEE FULL WIDTH OF THE TEST STRUCTURE 
100l Introduction 
In this chapter) the moments across the full width of the structure 
as determined from measured steel strains are compared with the moments de-
termined us ing measured column reactions 0 These moments have no general 
significance or application to other structures) they are entirely a function 
of the properties and dimensions of the test structure. However) they are of 
value in that they provide an over-all check on the moments determined from 
steel strains which form the basis for Chapter 90' 
" 
The discussion is limited to two tests; test 208) the design load 
test with all panels loaded) and test 221; the first overload test with all 
panels loaded vri th 1.; 0 dead load plus 105 live load. 
1002 Determination of Column Reactions 
Reactions in three directions were measured at the base of each of 
the 16 columns in the test structure using the tripod dynamometers described 
in section 502. 
The strain indicator used in the test had a sensitivity of about 
5 x 10-6 strain 0 With this degree of sensitivity; the vertical column re-
actions could be determined within plus or minus 30 Ib) and the horizontal 
reactions within plus or minus 20 Ibo At design load) these tolerances 
were about 105 percent for the vertical column reactions at the exterior 
column. line and less than 005 percent at the interior column lineo For the 
horizontal column reactions) they could be as high as 10 percent at the in-
terior column lines but only about 3 percent at the exterior column lines~ 
Additional error could be introduced in the measured column re-
actions by electrical drift. Since it is reasonable to assume that electrical 
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drift in any one dynamometer would be in the same direction and of about the 
same magnitude in each leg, the change in the horizontal reaction due to 
electrical drift can be considered to be negligible. However, the error in-
troduced in the vertical reaction of each dynamometer due to electrical drift 
-6 
would be about 60 lb for a drift of 10 x 10 indicated strain. This was 
approximately the magnitude of the el~trical drift observed in the check 
gages during the course of a test and since the dynamometer gages were more 
stable than the check gages no attempt was made to correct the measured dyna-
mometer reactions for errors from this source. 
The computed moments across interior sections of the structure were 
very sensitive to changes in the magnitude of the vertical column reactions 
at the exterior column lines. The long moment arm of those reactions caused 
any error to be magnified. For this reason, it was desirable to eliminate 
as much error from those reactions as possibleo 
If the structure were perfectly homogeneous and geometrically sym-
metrical, and if the loading were perfectly symmetrical, any non-symmetry in 
the reactions could be attributed to the errors noted above. However, these 
conditions cannot be realized in any real structure because there will always 
be small dimensional variations as well as variations in the concrete quality 
in different parts of the structure. Because these variations in the struc-
ture produced a non-symmetry in the reactions of perhaps the same magnitude 
as that due to instrumental error, it was not possible to determine the 
magnitude of the instrumental'_~error. 
In order to eliminate errors in the measured column reactions as 
much as possible, certain assumptions were made concerning the applied load, 
the structure, and the reactions. 
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First of all, the loading was assumed to be symmetrical 0 This 
assumption was made because the maximum deviation of the load in a single 
panel from the average load for the nine panels was only about 3 percent at 
an applied load of 236 psf (test 208)0 The structure and the reactions were 
also ass1.IDled to be symmetrical about the diagonal of symmetry 0 
The individual measured reactions in each panel were plotted against 
the sum of the vertical reactions for the columns at the corner of that panel 
to check for any obvious errors in the measured reactionso In order to 
satisfY the assumption that the reactions were symmetrical, all horizontal 
and vertical reactions which should be equal because of symmetry were averaged 
numerically. 
In order for consistent moments to be obtained, it was necessary 
for statics to be satisfiedo That is, ~V = 0, ~H = ° and ~M = 00 
The requirement that ~V = 0 was met by assuming the sum of the vert-
ical reactions to be equal to the total applied load. The measured values of 
these quantities differed by less than 1 percent at an applied load of 236 psfo 
The requirement that ~M = 0 was applied to the sum of moments on 
either side of any line within a plane parallel to the plane of the slab 0 
The general method of approach was to compute moments about perpendicular 
and diagonal lineso Where unbalanced moments occurred, corrections to the 
vertical reactions were made so that a couple, equal in magnitude and oppo-
site in' E?ign to the unbalanced moment, was formed 0 The problem of dis-
tributing the correction forces to the several reactions was resolved by 
taking moments about lines perpendicular to the axis of symmetry 0 The re-
action adjustments were then made symmetrically 0 In cases where more than 
two reactions were involved, the corrections were made in proportion to the 
magnitude of the original reactions 0 The moments about lines perpendicular 
to the edges of the slab were then checked using the adjusted reactionso 
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The magnitude of the total adjustments made to the vertical reac~ 
tions was about 2 percent of the measured reactionso 
Horizontal reactions were averaged symmetrically. Corre~tions were 
made for ~ unbalanced horizontal force in proportion to the magnitude of 
the original reactions 0 Adjustments to the horizontal reactions at the ex-
terior column lines, where the horizontal reactions were Eost significant, 
amounted to a maximum of 6 percento The average adjustment was about 4 per-
cento Although this was proportionately larger than the vertical adjustments, 
the horizontal reactions were also much more sensitive to instrumental error 0 
The horizontal reaction adjustments also had much less effect on moments than 
the vertical reactions did. 
1003 Determination of Moments 
Moments were determined at each of the sections shown in Fig. 109 
and designated R through Zo Mo~ts normal to the slab edges were determined 
at a line along the face of the beams between column capitals and around the 
perimeter of the part of the side column capital not included within the beamo 
Moments at interior column lines were determined at column center lines be-
tween capitals and across the edge of the column capitalso Moments were ob-
tained both on the edge strip side of the interior column line and on the "j 
interior strip sidee Positive moments were determined at the centerline of 
each strip 0 
.. ' ~ 
Mom~nts were determined on the basis of both the column reactions 
and the measured steel strains at each of the sections described above. Total 
moments for each strip of the slab were determined as the average of the 
negative moments plus the positive moment at midspan. 
In order to determine moments at the above sections from column 
reactions it was necessary to determine the centroid of the column reactions 
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acting within the rows of three panels. This was done by making certain 
assumptions concerning the distribution of shear around the column reactionso 
At the interior columns) the shear was assumed to be distributed uniformly 
around the column capital 0 At the exterior columns) beam shears were de-
termined from measured beam moments with the load assumed to be distributed 
uniformly along the beamo The difference between beam shears and exterior 
column reactions \Vas then assumed to be uniformly distributed around that part 
of the column capital not included in the beamo The beam shear was assUIlled 
to be concentrated at the intersection of the interior face of the beam and 
the column capitalo 
Moments were determined from strains as described in Chapter 8 and 
in Section 902 
1004 Moments in Test 208 
The values of moments in the slab at each load increment in test 208 
are sho'Wn in Table 180 The moments determined from reactions are shown in 
Table l8a and those from strains in Table lSb. The design moments for a load 
of 236 psf are shown in Table 18co The information in Table 18 is sho'Wn 
graphically in Figo 110. The moments at each section are plotted against the 
applied load. 
The design moments were determined from the moments for which the 
prototype was designed. The design moments in the slab were reduced from 
the prototype moments by the following factors. 
l~ M model = b4 x 284 x M prototype 
The factor 1/64 is the scale reduction from the prototype and the factor 
236/284 is the reduction from the design load to the applied test loadv 
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The beam moments were obtained in a similar manner except for a further re-
duction to account for the fact that there were no wall loads on the model. 
The purpose of this analysis was to provide a check on the moments 
computed from strains. The moments determined by the two methods are com-
pared in the table below for an applied load of 236 psf and both moments are 
compared to the design moments. 
Section R S T U V W X Y Z 
Mreact/Mstrains 1.09 .98 1.02 1.04 ·90 098 1.06 .89 .87 
Mreact/Mdesign .80 .99 1.12 .96 ·76 .96 1.21 .96 055 
M t . IMd . e74 1.02 1.10 .93 .,85 .98 1.14 1.09 .63 s ralns eSlgn 
The moments computed from reactions varied from 109 to 87 percent 
of those based on strains. Both of these extremes occurred at the edge beams. 
The main differences between the test moments and the design moments 
occurred at the edge beams, at the exterior side of the interior column lines 
and in the positive moment region of the middle strip. 
The total moments in each row of three panels are compared in the 
table below .. 
Total Moments 
Adjo to Deep Em. Interior Adj. to Shall .. Em. 
ROW RST UVW XYZ 
Mreact/Mstrains 1.01 097 .95 
Mreact/Mdesign ·99 .. 89 .95 
M t . /Md . 0.98 .92 1.00 s rams eSlgn 
The total moments in each strip determined from reactions and from steel 
strains are shown for each load increment in Figs. Ill, 112 and 1130 
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The table above and Figse 111, 112 and 113 show excellent agreement 
between the measured moments, from either strains or reactions, and the de-
sign momentso However, this apparent agreement is misleadingo Approximately 
35 percent of the total design moment in each of the strips was in the beams. 
The moment actually carried by the beams was about 15 percent 1n the middle 
strip and 23 percent in the edge stripso Comparisons between the total 
moments determined from steel strains and the total design moments in the 
slab, excluding the beams, are as follows. 
ROW 
M to. 1Md 0 s raJ.D./ e s ~gn 
Adj 0 t.o Deep Erne 
EST 
Interior Adjo to Shall 0 Em. 
XYZ 
1.25 
The measured moments in the slab proper exceeded the design moments 
by as much as 25 percento It was coincidental that in the structure tested 
the over-design of the beams compensated for the under-design of the slab. 
The proportion of the total strip moments occurring at each section 
are shown in Table 190 The moments determined from reactions are sho'Wll in 
Table 19a and those from strains are shown in Table 19b" The values in 
Table 19 are sho"Wn graphically in Figo 1140 The moments at the various sec-
tions as a percentage of the total moments in each row are plotted as ordin-
ates and the loads in pounds per square- foot are plotted as abscissas. 
The agreement between the moment coefficients determined from reac-
tions and those determined from steel strains is very poor at low loads. 
This is to be expected since the absolute error in the measurements of the 
column reactions due to the inaccuracy of the strain indicator and dyna-
mometers can be a very large relative error at low loads" However, as ·the 
load increases this relative error decreaseso Consequently, the moment 
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coefficients determined from strains and reactions converge as the load in-
creases, and at an applied load of 236 psf the agreement is generally very 
goodo 
Although some trends may be observed, no general conclusions can be 
made concerning the redistribution of moments from one section of the slab to 
anotherc 
The values of the moment coefficients determined from the design 
moments are shown as horizontal broken lines in the figure., The moment co-
efficients at sections R and Z, at the edges of the slab, were much lower 
than the des~gn moment coefficients, whereas the coefficients at sections T 
and X . .9 at the interior support in the edge rows, 1-Jere higher than the design 
coefficients. Coefficients at other sections were of about the same magni-
tude as the design values. 
1005 Moments in Test 221 
The values of moments across the width of the slab at each a..oad 
increment in test 221 are shown in Table 20" The moments determined from 
reactions are shown in Table 20a and those from strains are shown in Table 2Gb. 
The information in Table 20 is shown graphically in Figo 115. 
The ratio of the moments determined from reactions to moments de-
termined from strains for each section at loads of 242 psf and 345 psf are 
shown belowo The lower load is comparable to the maximum load in test 208 
and the higher load was the maximum load in t~st 2210 
Ratio of Moments determined from Reactions to Moments determined from Strains 
Load Section 
psf "D 13 ~ 1] V W ~ 1; (t ,l;\ 
242 1024 0 0 97 0.97 1010 0.,76 0097 1002 0,,83 1005 
345 0.94 1001 1 0 03 1005 0.,85 0093 1.04 0,,91 0084 
I 
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I Agreement between moments from reactions and from strains was better 
at 345 psf than at 242 psf. As in test 208, the greatest differences occurred 
at the edge beams and at the center of the middle row of three panels. 
I It was pointed out in Section 1(1,2 that the horizontal reactions were 
subject to about a 10 percent error (at 236 psf) due to the accuracy of the 
strain indicator 0 The moments at the edge beams (sections R and X) are almost 
entirely dependent on the horizontal reactions. Because of this, and because 
i 
of the uncertainty of the assumptions concerning the distribution of shear 
around the exterior column capitals) the discrepancies between the moments 
from strains and reactions at these sections are to be expected. Furthermore, 
I the moments determined frOID strains at the edge beams are probably more re-
I liable than those determined from reactions since their reliability is fairly well verified at ~ther sectionso 
I The total moments in each strip determined from strains are compared 
with those determined from reactions in the table belowo 
I Ratio of Moments determined from Reactions to Moments determined from Strains 
I Total Moments 
Load Row 
psf Adjo to Deep Beam IMeriGr Adj. to Shall. Beam 
RST 1NW XYZ 
I 
242 1.01 0095 /i 0.93 
345 1 0 01 0 .. 95 0095 
I The moment ratios shown in the table above are almost identical 
to those shown in Section 10.4 for test 208. This can be seen also in 
Figs 0 111 to 113. 
I The proportion of the total strip mom~nts at each section are 
shown in Table 21. The moments from reactions are shown in Table 2la and 
I 
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those from strains are shown in Table 2lb. The values in Table 21 are shown 
graphically in Fig. 116. The moments at the various sections as a percentage 
of the total moments in each row of three panels are plotted as ordinates and 
the loads in pounds per square foot are plotted as abscissas. 
No generalization about redistribution of moments from one section 
to another can be made from Fig. 116. It can be said only that the moment 
coefficients for a given section fall within a certain range. With some ex-
ceptions, the agreement between the moment coefficients obtained from steel 
strains and those determined from reactions was fairly good.. In general,ilhe 
agreement was better at higher loads. 
The moment coefficients shown in Table 21 and Fig. 116 have no 
general application or significance. They are entirely a function of the 
properties of the particular test structure 0 Changes in the edge beams or 
an increase in the number of interior panels in the structure would probably 
give different values of the moment coefficients. 
The moment coefficients measured in test 22l compared very well with 
those measured in test 208. 
j 
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110 STRENGTH ANALYSIS 
11.1 Modes of Failure 
The fle2..rural strength of the test structure was computed by assuming 
various failure mechanisms in a manner similar to that suggested by K. W 0 
'12 Johansen .• , These mechanisms were~ (1) failure as a structure with yield 
lines extending across the full width of the structure including the slab and 
beams, (2) failure by yielding of the side columns combined with yielding of 
the adjacent slab strip near midspan and (3) failure by development of yield 
lines in the slab alone" 
The yield moments viere based on the straight line formula as follows: 
"Where 
M = A f jd 
s Y 
A = cross sectional area of the steel 
s 
f = steel yield stress y' 
jd = effective internal moment arm 
''6 
Tests on beams representing strips of the slab indicated that the 
yield moment computed from the above expression resulted in an underestimate 
of the measured yiead momento For these beams, the measured yield moments 
were on the average about 10 percent higher than the yield moments computed 
using the straight line formulao 
(a) Failure of Structure 
I For the test slab to fail as a structure in any strip. of three 
panels, yield lines must extend across the full width of the structure at ] the column lines and near the middle of the strip. This mode of failure is 
I shown for an edge strip in Fig. 1170 The total static moment which can be 
developed in the strip is given by the expyession: 
where 
M 
o 
~ 
M2 
~ 
= 
= 
= 
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total yield moment across interior column line 
total yield moment across the centerline of the strip 
total yield moment across eXterior column line 
For the interior row of three panels the expression for the total static moment 
is: 
The total load on the strip is given by the expression: 
8M 
o 
L W= 
Where L = the effective span length which is the distance between the centroids 
of the column reactionso The centroids of the column reactions depend upon the 
assumptions conerninng the distribution of shear around the column capitals 
discussed in Section 10.40 
The ultimate load capacity of the slab was computed for the row of 
three panels adjacent ·~to the deep beam, the middle row, and the row adjacent·,. 
to the shallow beam. 
(b) Failure of Columns and Slab 
The mechanism for yielding of the columns under combined axial load 
and bending, and yielding of the slab is sho'WD. in Fig. 1180 The mechanism can 
be idealized into two parts •. Tl:le part at the slab edge is a trapezoid the 
"bas.es~ot which are the slab edge and a line parallel to this edge near midspan 0 
The sides of the trape~oid are 45>degree lines extending from the CODner 
columns to the interior base of the trapezoid. This trapezoidal section is 
held in equilibrium by the yield moment of slab ~-nd beams, the yield 
moment of the side and corner columns, the applied load, and the column reac-
tions .. 
I 
, 
J 
j 
i 
~ 
I 
I 
I 
I 
I 
-'] 
1 
J 
I 
I 
1 j 
-l07~ 
The second part of the failure mechanism is a rectangle with the 
length the same as the interior base of the trapezoid, the width being the 
distance from the interior base of the trapezoid to the interior column 
centerline 0 Equilibrium is maintained by the_~ositive and negative yield 
moments across the sides of the rectangle and the applied load and interior 
column reactionso 
The distance from the interior column centerline to the positive 
moment yield line of the mechanism was chosen by trial and error so that 
the intensity of the applied load on both parts of the mechanism was equal. 
The resisting moment of the columns was determined from interaction 
diagrams for ~~e columns 0 
(c) Slab Failure 
The third mode of failure considered was by the development of yield 
lines in the slab aloneo The positive moment yield lines were assumed to be 
near midspan and parallel to the centerline , with diagonal lines to the corner 
columns of the structure. Interior negative moment yield lines coincided with 
column centerlines between capitals and extended around the perimeter of the 
capitals. Exterior negative moment yield lines coincided with the inside face 
of the beams between column capitals and extended around the exterior column 
capitals 0 Twisting moments were neglected 0 
The mechanism of failure in an edge row of panels is shown in 
Figo 1l9o Equilibrium was maintained by the resisting moments of the steel 
across yield lines and by column reactions and applied loadso The distance 
from the interior column centerline to the positive moment yield line was 
chosen by trial and error so that the intensity of the applied load on both 
parts of the mechanism was equal 0 
The ultimate load, for failure by the development of yield lines 
in the slab alone, was determined for the row of panels adjacent to the deep 
beam, the middle row, and the row adjacent to the shallow beam. 
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(d) Observed Mode of Failure 
An idealized representation of the yield lines actually observed 
in test 234 is shown in Fig. 120. The "observed lt yield lines were very wide 
cracks where yielding of the steel had obviously occurred. The steel strains 
indicated that yielding had also occurred at many other locations although 
the cracks had not opened up to any great extente The progressive yielding of 
the slab in strip ABC is shown in Fig. 121.. The extent of yielding at each 
loading increment is shown. The yielding between columns 5 and 6 is not shown 
because there were only three strain gages on that line. 
On the bottom of row ABC, the yie~d line was almost completely de-
veloped after the application of 349 psf at increment 20 At the interior 
column line on top of the slab, yield lines were fully developed after the 
application~ of 475 psf at increment 5. Yield strains were not developed in 
the slab steel adjacent and perpendicular to the beam, although the bars over 
the exterior columns were near yielding" 
The observed mode of failure in row GHJ did not correspond to any 
single mode of failure assumed in this analysis. It was a combination of 
'<'f 
the development of yield lines in the slab, yielding of the side columns, and-
torsional failure of the beams. This mode of failure was not considered in 
the analy.sis because the inaccuracies involved in the available methods of 
predicting the torsional strength of beams subjected to combined bending, 
shear, and torsion would make the over-all analYsis not worthwhIle. It is 
possible that if the columns had been stronger, the slab would have carried 
more load. However, the torsional distress in the beams at columns 14 and 15 . \ 
(Fig. 68a), the columns participating in the failure, indicates that the 
torsional strength of the beams and the flexural strength of the columns were 
very nearly equal and that failure of the beams would have occurred shortly 
if the columns had not failed first. 
I 
f 
-109-
11. 2 Ultimate Loads and Factor of Safety 
The ultimate loads determined from each of the assumed modes of fail-
ure and the observed ultimate load are shown in the table below. The over-all 
factor of safety) based on a total design load of 284 psf, is also shown for 
each case. 
Mode of Failure Ult. Load Factor of Safet;l 
1. Structure (Fig. 117) 
a) Row adj. to deep beam 579 2 .. 04 
b) Middle row 610 2.15 
\ Row adj. to shallo1'1 beam 596 2.10 C) 
20 Columns and Slab (Fig. 118) 508 1.79 
3· Slab 
a) Strip adj. to deep beam (Fig. 119) 445 1·57 
b) Middle Strip 480 1.69 
c) Strip adj. to shallow beam (Fig. 119) 475 1.68 
4. Test 234) Ul timate Load 551 1095 
F. J. Mila6 found that yield moments computed by the straight line 
formula were about ten percent less than those observed in tests. If the 
ultimate loads given by modes 2 and 3 above are increased by ten percent) the 
following values are obtained. 
Mode of Failure Ult. Load Factor of Safety 
2. Columns plus Slab 559 
3· Slab 
a) Strip adj. to deep beam 490 1.73 
b) Middle Strip 528 1.86 
c) ~trip adjo to shallow beam 522 1.84 
4. Test 23~, Ultimate Load 551 1.95 
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The ultimate load capacity of the slab, according to the analysis, 
was 490 psf. This is considerably less than the maximum total load of 551 psf 
which the slab carried. It has been mentioned that general yielding had 
occurred in strip ABC after the fifth load increment. Furthermore, the load-
deflection curves (Fig. 58) show that after the sixth load increment small 
increases in load were accompanied by large increases in deflection. It is 
reasonable to conclude then, that the load at which the load-deflection curves 
"break over" is the useful capacity of the slab. The total load at the sixth 
increment was 543 psf which is still greater than the computed ultimate load. 
Part of this excess capacity may be attributed to membrane action. The average 
slab deflection in strip GHJ at the sixth load increment was 0.4 in.. The vert-
ical component of the stress in the slab steel in strip GHJ with a slope based 
on an average deflection of 0.4 in. would account for an additional load of 
at least 26 psf. The total computed yield load would then be 516 psf which is 
still 95 percent of the load corresponding to the initiation of large deflec-
tions in the slab. 
I 
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120 SUMMARY 
12.1 Tests 
This report comprises the description and analysis of three tests on 
a quarter-scale flat slab floOTo The tests were part of one phase of an in-
vestigation of the behavior and strength of multiple-panel reinforced concrete 
floor slabsQ 
The test structure was a quarter-scale model of a typical flat slab 
floor designed by the provisions of Section ,1004 of the 1956 ACI Building Code. 
The floor consisted of nine panels, three in each direction" The panels were 
5 ft square and the nominal slab thickness was 1 3/4 in" Slab reinforcement 
consisted of 1/8 in. square bars. The beam and column reinforcement consisted 
of 1!4-in. round bars. 
Strains were measured with SR-4 electric resistance strain gages and 
deflections were measured with dial gages. 
A total of 38 tests were made on the structure" The three tests re-
port.ed herein were tests with all nine panels loaded. The magnitudes of the 
total loads were: test 208, design load, 280 psf; test 221, dead load plus 
105 live load, 384 psf; and test 234, test to fail-QTe, 551 psf. 
In test 208 the maximum steel stresses were 24 and 29 ksi in the 
bottom and top slab steel, respectively (Figs. 28-36). The maximum deflec-
tion was 0.22 in. (Fig. 27). Cracking was fairly extensive on both the top 
and bottom of the slab (Figo 40)0 
In test 221 (dead load plus 105 live load) there was some local 
yielding of the slab ste"el. Stresses:lm the range of 30 to 35 ksi were 
common (Figs" 45-51). !~e maximum deflection was 0031 in. (Fig. 44)~ Crack-
ing after test 221 was extensive on the top and bottom of the slab (Figs" 55 
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Extensive torsional and flexural cracking had occurred in the beams 
and the columns showed signs of distress. 
General yielding occurred in positive moment regions and at interior 
column lines in test 234 to failure 0 The maximum total load in the test was 
551 psf" Failure occurred in the south strip of the structure (panels GHJ).' 
and was marked by very wide cracks at the column line and at about midspan of 
the strip, by the deep beams twisting out of the corner columns, and by ex-
cessive rotation of the side columns above the base of the capitals (Fig. 68)0 
The maXimum. slab deflection at failure was about 1" 4 ino (Fig. 59). 
1202 Results of Analvses 
Steel strains were studied to determine the magnitude and distribu-
tion of moments in the slab in test 208" Measured total moments determined 
from steel strains (Tables 3 to 16) were generally higher than design total 
moments. The amount of difference varied in the different panels. In the 
interior panel, the ratio of measured to design total moment was 1.22" 
The distribution of moments with individual panels was compared with 
the requirements of the ACI Building Code. The greatest difference in dis-
tribution within the panels was at the interior negative moment section of 
the middle strip. In all panels, the average measured moment at that sec-
tion was mucp higher than the average design moment. In some cases it was 
as much as twice as large~ There was also a large discrepancy between mea-
sured and design moments at the discontinuous edges. The measured moments 
perpendicular to the beams were much less than the design moments. 
Moments across the full width of the structUl~e were computed 
basis of measured column reactions for tests 208 and 22~. The agreement with 
moments determined from steel strains was generally goodo 
The useful ultimate load carried by the slab was 543 psf. The 
factor of safety for total load was 10950 -.,' 
'I 
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TABLE 1 
CHRONOLOOY OF TESTS ON THE FLAT SIAB 
* Test Noo Date Panels Remarks 
Loaded 
200 20 Febo Measurements taken before and after 
201 23 Febo assembly of load distributing system 
202 24- Febo All 90 psf** 
203 25 Febo_ ABC ti 
204 26 Febo DEF ,~ 
205 27 Feb o tS 
-.'-
GHJ 
206 2 March BEH Ii 
207 3 March CFJ n 
208 4 March All Design Ld o 284 psf 
209 5 March ABC n 
210 9 March DEF u 
211 10 March GEJ 1~ 
212 11 March A:OO tt 
213 12 March 13EH n 
214- 16 March CFJ i' 
215 19 March ABC-GHJ un 
216 20 March DEF tJ 
217 23 March ABC-DEF n 
218 24 March DEF-GHJ n 
219 25 Marc:h AIG .. BEH if 
220 13 April BEHaCFJ Sf 
22l 14- April All Overload 384 psf 
222 15 April ABC " " on ABC, 84 psf on others 
223 16 April DEE' g~ If IV D~ fi " fI n 
224 20 April GHJ Vi It It GHJ " " " " 
225 21 April ADG u u " Am " 11 " f1 
226 22 April BEH « it Ii BEH " " " " 
227 23 April CFJ vu 11 in CFJ " " 
It 
" 
'., 
228 21 April ABCcoGHJ n n "ABC-GHJ~' n II 11 
229 28 April ADG-CFJ 11 
., 
" .AI:G -GFS n If " " 
230 29 April ABC-DEF n n 
231 30 April DEF-GHJ n 11 
.... .,( 
232 1 May AOO ... BEH 11 tt 
233 4 May BEH-CFJ " " 
234 11 May All Test to failure 
235 13 May E n n " 
236 18 May ABD-DEF 'n " 91 
231 19 May E f1) " " 
- >-
* 
See Fig. 6 for locations of panels o 
** All values of uniform load given in the table include the weight of the 
slab and the load distributing systemo 
~' " 
; .... 
~ ~ IIIiWiI ~ .. __ k .. ..:.-;~ IW*III _ __ _ IIIP"'I"" ~ l"'""','"J t",,,,,,~,,.. ~....... .'1,'", .. ,' 
TABLE 2 
DESIGN MOMENTS 
Moments (kip-in .. ) 
Method of Design R S T Total U V W Total X Y Z Total 
Mom. Mom. Mom 0 
Elastic-Fixed Point 
Method (wide supports) 1~9.0 66.0_ 125.0. 153 8 0 104.0 44.0 104 .. 0 148.0 125·0 66.0 49.0 153.0 
Elastic-Hardy Cross Distrib. 
Procedure (point supports) 49.0 77·0 132.0 160.5 113.0 47.0 113.0 160.0 132.0 70.0 49.0 160.5 
ACI Empirical Method 
Section 1004 1\OI 318"'56 83.0 65.5 108.8 161.4 96.8 52.1 96.8 11~8. 9 108.8 6505 80.9 160.3 
I 
I-' 
I-' 
\.n 
I 
R s T U v w x y z \-- I---r .. 1 
Deep Beam \ Shallow Beam 
\ 
Interior Strip one panel in width 
TABLE 3 
PROPERTlES OF CONCRErE 
Compressive Strength Modulus of Elasticity Modulus of Rupture 
Batch Water Sand 18 dSJls 168 Mils 78 dalB 78 dails '" 
Cement Cement Noo of fll Noo of fO NOe> of Ec Noo' of fr 
Tests c Tests c Tests psi x 106 . Tests psi psi psi 
1 Oe72 507:1 1 2000 1 2070 1 3115 
2 0072 507:1 3 2430 1:- 2400 1 2 .. 7 
3 0072 507:1 2 3085 1 2:;40 1 302 2 630 
4 0072 5.7:1 3 3000 1 2150 1 307 
5 0072 507~1 3 2730 1 2350 1 301 2 700 
6 0077 507:1 1 4040 1 2480 1 302 
7 00 77 507:1 3 2590 1 2190 1 206 I f-l 
f-l 
8 00 77 507:1 3 2660 1 1890 1 204 2 665 CJ\ I 
9 -0 0 76 5.7:1 3 2770 1 2480 1 309 
10 0075 5e>7:1 3 2690 1 2160 2 610 
11 00 75 507:1 1 2100 1;' 2400 
12 0075 507:1 2 3160 1 2970 2 405 
Averages 2760 2320 301 602 
r······· I 
L. _:~ l __ 1-
---
~~:rL~,~~.J 
~-"""""''''''''''-'''-''''''.''',.)j1lQi!llfft'PO 
--
'"tP""""I~rw 
TABLE 11· 
MOMENTS AT DESIGN SECTIONS IN INTERIOH PANEL (E) ~ TEST 208 
Negative Moment 
C 01 0 S·trip 
Mid Strip 
Positive Moment 
Colo Strip 
Mid Strip 
~otal Negative Moment 
Total Positive Moment 
TarAL MOMENT 
i15.A.1)"1 
1.87 
1009 
0.83 
0056 
2.96 
1.39 
4035 
MEASURED MOMENTS (KIPaoIN) 
LOAD 2 
3051 
2020 
1059 
1016 
5071 
2075 
8 0 46 
LOAD 3 
5.84 
)081 
2048 
1073 
9.65 
4021 
13c 86 
LoAD "4 
8,,)8 
5052 
3Q74 
2062 
13090 
6036 
20 0 26 
LOAD 5 LOAD 6 
10027 12.12 
7004 '7090 
405;1 5012 
305;5 4063 
l7 0 ~)l 20 0 02 
8.06 9075 
25 0 ~)7 29.77 
ACI 
EMPIRICAIJ 
DESIGN 
MOMENTS 
11 0 61 
3047 
406.4 
30·47 
15008 
8 0 11 
23,,19 
ACI 
ELluSTIC 
DESIGN 
MOMENTS 
12030 
3090 
I }-1 
}-1 
----l 
I 
4011 
2074 
16t>20 
60 85 
23 0 05 
TABLE 5 
PERCENTAGES OF TarAL MOMENT AT DESIGN SECTIONS IN INTERIOR PANEL (E) 7 TEST 208 
Negative Moment 
Colo Strip 
Mid Strip 
Positive Moment 
Col. Strip 
Mid. Strip 
Tot.al. Negative Moment 
Tdt,~ Posi~;;i ve Moment 
TaI'AL MOMEIIfr 
L.=_~ [\,~~2·:: ~___. 
LOAD 1 
4300 
25 00 
1901 
1209 
68 0 0 
3200 
100 0 0 
LOAD 2 
4105 
26.0 
18 0 8 
1307 
6705 
3205 
100 0 0 
MEASURED MOMENTS (%) 
LOAD 3 
4304 
2803 
1504 
1209 
7107 
2803 
100 .. 0 
LOAD 4· 
4104 
27.,2 
18 0 5 
1209 
6806 
3104 
100 0 0 
LOAD 5 
40 04 
2707 
1709 
140 0 
68.1 
3109 
1000 0 
LOAD 6 
4007 
26 .. 6 
1701 
1506 
6703 
32.7 
lOO~O 
.ACI 
EMPIRICAL 
DESIGN 
MOMENTS 
50 
15 
20 
15 
65 
35 
100 .. 0 
ACI 
ELASTIC 
DESIGN 
MOMENTS 
53 .. 3 
16 .. 9 
1709 
1109 
70.,2 
2908 
100 .. 0 
I j:=: 
OJ 
I 
C..'C"1 ~_ .. ~ L-J ~ .im~ L;·.-~J ~ .. ... _ .. ~ k .. _.,.1 .. ,...~ ~ L~_~.I .~-",Jft wtiWI 
Negative l"ioment 
Colo StriJ~ 
Mid Strip 
WaJ..l Strip 
Beam 
Positive Moment 
Colo Strip 
M:id Strip 
Wall Stri.p 
Beam 
TotaJ. Negative Moment 
Total Po~:itive Moment. 
TOTAL MOMENT 
TABLE 6 
MOMI~NTS AT DESIGN SECTIONS9 PANEL F PARALLEL TO DEEP BEAM~ TEST 208 
LOAD 1 
0093 
00 85 
1 0 03 
00 47 
0042 
0055 
0 0 18 
0032 
3028 
1047 
4075 
LOAD 2 
1 0 8'+ 
1077 
2001 
1 005 
0089 
1 007 
0 0 28 
0060 
6,,67 
2 0 84 
9051 
MEASURED MO~lENTS (KIF.,.IN,,) 
LOAD 3 
3035 
2062 
3026 
1057 
1036 
1056 
00 38 
00 90 
100 80 
1~020 
15000 
LOAD 1+ 
4057 
3093 
4030 
2038 
1092 
2031 
0053 
1033 
15018 
60 09 
21.27 
LOAD 5 
5062 
5034· 
4099 
3085 
2033 
3083 
0085 
1097 
19 0 80 
80 98 
28078 
LOAD 6 
6073 
6087 
6009 
60 28 
2060 
4048 
1009 
2067 
25097 
100 84 
36081 
ACI 
DESIGN 
MOMENT 
6050 
3094 
3024 
10054 
I 
J-I 
J-I 
\0 
I 
2032 
3047 
1015 
60 39 
24022 
13033 
37055 
c-'-_~,:-
TABLE 7 
PERCENTAGES OF TarAL MOMENT AT DESIGN SECTIONS, PANEL F PARALLEL TO DEEP BEAMS' TEST 208 
Nega.tive Moment 
Colo Strip 
Mid Strip 
Wall Strip 
Beam 
Positive Moment 
Colo Strip 
Mid Strip 
Wall Strip 
Beam 
Total Nega.tive Moment 
Total Positive Moment 
TOTAL MOMENT 
LOAD 1 
1906 
1709 
2107 
909 
808 
1106 
308 
60 7 
6901 
30 0 9 
100 0 0 
LOAD 2 
1903 
18 0 6 
2101 
1100 
904 
1103 
209 
603 
700 1 
2909 
1000 0 
,.;(,,,, 
l'.' ',I 
_1;':.,_ 
MEASURED MOMENTS (%) 
LOAD 3 
2203 
17,,5 
2107 
10 0 5 
901 
1004 
205 
600 
7200 
2800 
1000 0 
LOAD 4 
21,,5 
1805 
20 0 2 
1102 
9 0 0 
1009 
2~5 
603 
7104 
28 0 6 
100 0 0 
1,0AD 5 
1905 
1806 
1703 
1304 
801 
1303 
300 
608 
68 0 8 
3102 
100 0 0 
LOAD b 
18 0 3 
1807 
1605 
170ll. 
''leI 
1202 
300 
703 
70 0 6 
2904 
100 0 0 
ACI 
DESIGN 
MOMENT 
1703 
1005 
806 
2~Ll 
602 
,902 
301 
1700 
6405 
3505 
100 0 0 
.,', J 
I 
I--' 
I\) 
0 
I 
t:,'~:~i ~ llil",U L::J ~ .. l .. ,;;J ~ _ __ _ "'-"""" ~1o!M \I.·.t \ •. ' .. I • .",!..,.,,~ mH:"t'fl,.. .... ,._ ... , ..... _, 1·1f.c..r··D"" 
TABLE 8 
MOMENTS AT DESIGN SECTIONS~ PANELS B PARALLEL TO SHAI~OW BEAMJ TEST 208 
MEASURED MOMENT (KIPoINo) ACI DESIGN 
LOAD 1 LOAD 2 LOAD 3 LOAD '+ LOAD 5 LOAD 6 MOMENT 
Nega.tive Moment 
Colo Strip 00 97 2012 3060 4053 5047 6054 6050 
Mid S-tr:lp 1 Q10 2078 303'+ 4084 50'+6 601l 3,,9'+ 
WaJ1. Strip 1024 2'058 3062 4.,42 5060 6076 6033 
Beam 0029 0081 1061 2055 2093 4079 5088 
~- ---.----- ---- I 
\---l 
I\) 
Positive Moment \---l I 
Colo Strip 0066 1033 1096 2031 2046 2092 2032 
Mid Strip 0098 1085 2085 4021 4'011 5063 3047 
Well Strip 0034 0064 1004 1057 1093 2013 2035 
Beam 0.,36 0.,59 1005 1035 1078 2018 3.,58 
Total Negative Moment 3060 8045 11023 16op4, 19046 24020 22.,65 
Total Positive Moment 203h. ·4041 6090 9.,44 10088 12 0 86 11 .. 72 
TOTAL MOMENl' 5094 12086 180 13 25078 30034 37,,06 34037 
TABLE 9 
PERCENTAGES OF TC1rAL MOMENr AT DESIGN SECTIONS9 PANEL B PARALLEL TO SHALLOW B~ TEST 208 
Negative Moment 
Cole Strip 
Mid Strip 
Wall Strip 
Beam 
Positive Moment 
Colo Strip 
Mid Strip 
Wa.ll Strip 
Beam 
Total Negative Moment 
Total Positive Moment 
TCJl'AL MOMENT 
~ .. -- ... __ _ L. _.~~: 
ACI 
MEASURED MOMENTS (%) DESIGN 
LOAD 1 LOAD 2 LOAD 3 LOAD 4 _LOAD 5 LOAD 6 MOMENT 
1603 
1805 
2009 
409 
1101 
1605 
507 
6
0
1 . 
60 0 6 
3904 
1000 0 
1605 
21 0 6 
20 0 1 
60 8 
1003 
1404 
500 
406 
6507 
3403 
100 0 0 
I·;i: i.;; 
1909 
180 4 
20 0 0 
902 
10 0 8 
1507 
507 
5 0 8 
6109 
38 0 1 
100 0 0 
1706 
18 0 8 
1701 
909 
9 0 0 
160 3 
60 1 
502 
6304 
36 0 6 
100 0 0 
18 0 0 
180 0 
1805 
907 
8 0 1 
1505 
604 
509 
64 0 1 
3509 
100 0 0 
1706 
1605 
1802 
1209 
709 
1502 
507 
509 
6503 
3407 
100 0 0 
18 0 9 
1105 
18 0 4 
1701 
60 8 
10 0 1 
60 8 
10 0 4 
6509 
3401 
100 0 0 
I 
I-' 
f\) 
f\) 
I 
E:.j,,;;! cal ~ ti..j ..... IIiW l."~,,.J .... _I _ _ ..... ~ lu>;.,,~~ ~WiI ~tII b.",~~ • ..1 ~J!t\II ..... 
TABLE 10 
MOME~NTS AT DESIGN SEClrIONS ~ PANEL F PERPENDICULAR TO DEEP BEAM.9 TEST 208 
Negative Moment 
Exto Colo Strip 
-Ext 0 Mid Strip 
Into Col., Strip 
Into Mid Strip 
Positive Moment 
Cole Strip 
Mid Strip 
. Total Ext 1\ Neg e Moment 
Total Into Neg o Moment 
Average Negative Moment 
IJ:iotal Positive Moment 
'IIOTAL MOMENT 
tOAD 1 
1 009 
0 0 38 
2065 
1013 
1030 
1.14 
1047 
3078 
2063 
2044 
50 07 
LOAD 2 
2029 
0 0 80 
5002 
2.,27 
2<.71 
2c)45 
3,~09 
7,~29 
5019 
5016 
100 35 
MEASURED MOMENTS (KIPe>JN 0 ) 
JGOAD 3 
3e10 
1 0 09 
7069 
3037 
404-6 
4027 
4019 
11006 
7063 
80 73 
16036 
LOAD ij: 
4.13 
1 e62 
9061 
4\160 
5.,10 
4&83 
~~75 
14021 
9098 
9,93 
19091 
LOAD 5 
5030 
1.,82 
11"066 
6 0 06 
5080 
5015 
7012 
17072 
12042 
100 95 
23037 
LOAD b 
8055 
2.,25 
13087 
7040 
6061 
5097 
10 0 80 
21027 
16.04 
12058 
28.62 
ACI 
DESIGN 
MOMENT 
8034 
40 61~ 
1-3 0 00 
3094 
5056 
4064 
12098 
16094 
14096 
10 0 20 
25016 
, 
....... (\) 
\j.I 
I 
L.c· .. 
TABLE 11 
PERCENTAGES OF TarAt MOMENT AT DESIGN SECTIONS,? PANEL F PERPENDICULAR TO DEEP BEAM.? TEST 208 
Negative Moment 
Ext. Col. Strip 
Ext. Mid Strip 
Into Colo Strip 
Int (I Mid Strip 
Positive Moment 
Colo Strip 
Mid Strip 
Total Exte Neg. Moment 
Total Into Neg.,MDment 
Average Negative Moment 
Total Positive Moment 
TarAL MOMENT 
! '-, .J 
LOAD 1 
21.5 
7(15 
5203 
2203 
2506 
2205 
2900 
7406 
5109 
48 0 1 
1000 0 
LOAD 2 
22(11 
7.7 
48.5 
2109 
2602 
2307 
29 0 8 
7004 
5001 
4909 
],00 0 0 
(/::.:;;:;. 
MEASURED MOMENTS (%) 
LOAD 3 
18.9 
607 
47.0 
20(16 
27 .. 3 
2601 
25 0 6 
67 0 6 
46.6 
530~' 
1000 0 
LOAD It: 
2007 
801 
48.3 
2301 
2506 
2403 
28 0 8 
7104 
50.1 
4909 
100 0 0 
LOAD 5 
2207 
7.8 
4909 
2509 
2408 
2201 
30 0 5 
75 0 8 
5301 
4609 
100 0 0 
LOAD b 
29,,9 
7.9 
48 0 5 
2509 
2301 
20 0 9 
37.8 
7404 
5600 
44 0 0 
100 0 0 
ACI 
DESIGN 
MOMENT 
33.1 
1804 
51.7 
1507 
2201 
1804 
5105 
6704 
5905 
!t.Oo 5 
100 0 0 
I }-l 
f\) 
+=-
I 
tf;~-':J 1~:;1a IiU L-J ~ ~ L ____ l r.M~ ____ ~ ~ 
TABLE 12 
MOMENTS AT DESIGN SECTIONS~ PANEL B PERPENDICULAR TO SHALLOW BEAM7 TEs'r 208 
Negative Moment 
Ext 0 Col. Strip 
Ext 0 Mid Strip 
Int. Colo Strip 
Int. Mid Strip 
Positive Moment 
Col. Strip 
Mid Strip 
Total Ext. Neg. Moment 
Total Into Neg. Moment 
Average Negative Moment 
Total Positive Moment 
TOTAL MOMENT 
LOAD 1 
0.72 
0.16 
2044 
1.20 
1.28 
1.05 
0.88 
3064 
2.26 
2033 
4059 
LOAD 2 
1045 
0 0 36 
4098 
2.44 
2.67 
2034 
1.81 
7.42 
4.61 
5fYOl 
9062 
MEASURED MOMENTS (KIP."m.) 
LOAD 3 
2.16 
0058 
7()19 
3.68 
4.11 
3088 
2.74 
10.87 
6.80 
7099 
14.79 
LOAD Ij: 
3~43 
0.72 
9.74 
4 0 86 
5.12 
4.92 
4.15 
14060 
9.37 
10.04 
19041 
LOAD 5 
5058 
0.88 
11.76 
6 0 70 
6.04 
5.88 
6046 
18 0 46 
12.46 
11092 
24.38 
LOAD 6 
60 56 
1.06 
13099 
8 0 19 
7.47 
7.48 
7062 
22018 
14.90 
14095 
29.85 
ACI 
DESIGN 
MOMENT 
10.04 
2.56 
13.00 
3.94 
, 
p 
I\) 
V1 
I 
5.56 
4.64 
12.60 
16094 
14077 
10 0 20 
24.97 
I 
TABLE 13 
PERCENTAGES OF TarAL MOMENT AT DESIGN SECTIONS, PANEL B PERPENDICULAR ~o SHALLOW BEAM, TEST 208 
Negative Moment 
Ext. Colo Strip 
Ext. Mid Strip 
Int. Col. Strip 
Int. Mid Strip 
Positive Moment 
Col. Strip 
Mid Strip 
Total Ext. Neg. Moment 
Total Into Neg. Moment 
Average Negative Moment 
Total Positive Moment 
TarAL MOMENT 
(.-,,: - :-\ r -"'------ 1-~ . ~ ~---; 
LOAD 1 
15.7 
305 
53.2 
2601 
27.9 
22.9 
19.2 
7-9., 
49.2 
50.8 
100.0 
LOAD 2 
15.1 
3.7 
5108 
2504 
27.8 
24.3 
18.8 
77.2 
47.9 
5201 
100.0 
MEASURED MOMENTS (%) 
LOAD 3 
14.6 
3.9 
48.6 
2409 
27 0 8 
26.2 
18 0 5 
73.5 
46.0 
54 0 0 
100.0 
LOAD 4 
17.7 
3.7 
50.2 
25.0 
26.4 
25.3 
21.4 
7502 
48.3 
51.7 
100.0 
LOAD 5 
22.9 
3.6 
48.2 
27.5 
24.8 
24.1 
26.5 
7507 
51.1 
48.9 
100.0 
LOAD 6 
22.0 
3.6 
46.9 
2704 
25.0 
25.1 
2~.6 
74.3 
49.9 
50.1 
100.0 
ACI 
DESIGN 
MOMENl' 
40.2 
10.3 
52 00 
15.8 
22.3 
18.6 
50.5 
67 0 8 
59.2 
40Q8 
100.0 
I 
!-l 
I\) 
0'\ 
I 
1ei~;:,""1 ~ ...... ~ ~ ---
TABLE 14 
MOMENTS AT DESIGN SECTIONS, PANEL J, TEST 208 
ACI 
MEASURED MOMENT ~KIP-INo-) DESIGN 
LOAD 1 LOAD 2 LOAD- 3' LOAD -1+ LOAD 5 LOAD 6 MOMENT 
Exterior Negative Moment 
Col. Strip 0047 0.92 1.58 2006 3019 3.54 4.17 
MldStrip 00 40 00 72 1000 1017 1 0 40 1093 4064 
Wall Strip 0028 0.47 0.76 1.28 1066 20 04 1.85 
Beam 0032 0042 1 0 05 1 0 86 4007 6053 6059 
Interior Negative Moment 
Col. Strip 1.04 2.09 3095 4.98 6020 7045 6050 I 
Mid Strip 00 77 1061 2.34 3075 4o~4 60 00 3,,94 I-' !\) 
Wall Strip 1001 1098 3020 402~ 4097 6.08 3024 --...:t I 
Beam 00 78 1045 2050 40 01 6062 9.91 10.54 
Total. Ext... Neg.. Moment 1,,1!-7 2 .. 53 4.39 6037 10032 140 04 11025 
Total Int. Neg. Moment 30 60. 7.13 11.99 16.99 22.73 29 .. 44 24.22 
Average Negative Moment 2053 4083 8.19 11.68 16052 21074 20.73 
Positive Moment 
Col. Strip 0.69 1.47 2.24 2.61 30 03 3 .. 55 2.78 
Mid. Strip 1.09 2.22 3.72 40 65 5025 6.00 4.64 
We.ll Strip 0.31 0060 0.94 1050 1071 2009 1.51 
Beam 0079 1036 2.35 3.90 5.54 6.66 7.53 
Total Positive Moment 2088 5065 9.25 12.66 15053 18.30 16.38 
TarAL MOMENT 5041 10 .. 48 17044 24034 32~O5 40.04 37011 
Exterior Negative Moment 
Col& Strip 
Mid Strip 
Wall Strip 
Beam 
Interior Negative Moment 
Colo Strip 
Mid Strip 
Wall Strip 
Beam 
Total E~rte Neg., Moment 
Total Into Neg o Moment 
Average Negative Moment 
Positive Moment 
Colo Strip 
Mid Strip 
Wall Strip 
Beam 
Total Positive Moment 
TarAL MOMENT 
c~~_;: ,. ,. I .... L' 
TABLE 15 
PERCENTAGE OF 'fOTAL MOMENT AT DESIGN SECTIONS~ PANEL J, TEsrr 208 
LOAD 1 
807 
704 
5.2 
509 
1902 
1402 
18&7 
14,,'+ 
27.,2 
6605 
4608 
1208 
2001 
507 
1406 
5302 
100.0 
LOAD 2 
808,. 
6&9 
l~~ 5 
40 0 
1909 
1503 
1809 
13 0 8 
2301 
68 0 0 
~600 
1'+01 
2102 
507 
13,,0 
5400 
100 0 0 
;-04.rt':'C-' 
'! ~ 
MEASURED MOMENT 
LOAD 3 LOAD ~ LOAD 5 LOAD 6 
901 805 10.0 808 
5~7 408 '+04 l~o 8 
4.4 503 5.,2 501 
6.0 7.,6 1207 1603 
22,,7 2005 1903 1806 
1304 15.4 1504 15 0 0 
18 0 4 1705 15;~ . 151)2 
1403 1605 20 07 2408 
2502 2602 3201 3501 
68 08 6908 70 09 73 0 8 
47 00 48 0 0 5105 5402 
1209 10 0 7 905 809 
2103 1901 1604 1500 
504 6 0 2 503 502 
1305 16 0 0 1703 16 0 6 
5300 52 00 4805 45 08 
10000 10000 10000 1000-0 
ACI 
DESIGN 
MOMENT 
lJJ02 
1205 
500 
1'708 
1705 I 1006 p 
81)7 I\J CD 
2805 
, 
4605 
6503 
55Q9 
'705 
1205 
401 
2003 
4hol 
10000 
~ ..... ...... ~ ......... IIIIddWti L •. ~._ • .....I ...... _ ......-
'TABLE 16 
MOMENTS AT DESIGN SECTIONS, PANEL.A, TEST 208 
MEASURED MOMENT (KIP-INo) ACI DESIGN 
LOAD 1 LOAD 2 LOAD 3 LOAD 4 LOAD 5 LOAD 6 MOMENT 
Exterior Negative Moment 
Col. Strip 0.30 0.78 1017 2025 3013 3047 5e02 
Mid Strip 0.18 0035 0054 0&69 0089 1.05 2056 
Wall Strip 0.33 0e>69 1.12 1.35 1.57 1e>79 4.42 
Beam 0.61 1 .. 35 1.95 2'146 2'198 3.50 3068 
Interior Negative Moment 
Col. Strip 1026 2021 3093 4.88 5.98 7015 6.50 I Mid Strip 1.10 2025 30~·2 4e>94 6018 7.41 3.94 I-' I\) 
Wall Strip 1026 2060 3.63 ~ .• 45 5066 6 .. 90 6.33 '0 I Beam 0.72 1057 3.02 5.20 7 o!~1 9.80 5.88 
Total Ext. Neg o Moment 1.42 3017 4078 6.75 8057 9081 15068 
Total Int. Neg. Moment 4.34 8063 13.00 19.47 25.23 31.26 22 0 65 
Average Negative Moment 2088 5090 8.89 13011 16.90 20.53 19016 
Positive Moment 
Col. Strip 0.70 1.60 2.28 2.62 2.82 4.02 2.78 
Mid Strip 1,,18 3.73 4.23 5005 5.96 6.85 4e>64 
Wall Strip 0.40 1.09 1.73 2e>16 2e>43 2.67 2.99 
Beam 0058 1.27 2.30 3.70 5005 6.50 4.20 
Total Positive Moment 2.86 7.69 10.54 13053 16 0 26 20004 14.61 
TOTAL MOMENT 5.74 13.59 19.53 26.64 33.16 40.57 33 .. 77 
TABLE 17 
PERCENTAGE OF TarAL MOMENT AT DESIGN SECTIONS, PANEL A, TEST 208 
MEASUREDi MOl4ENT ACI DESIGN 
LOAD 1 LOAD 2 LOAD 3 LOAD 4 LOAD 5 LOAD 6 MOMENT 
Exterior Nega.tive Moment 
Colo Strip 5.2 5,,7 6.0 8.4 9.4 8.6 1409 
Mid Strip 3.1 206 2 .. 8 2.6 2.7 206 706 
Wa.ll Strip 507 5.1 508 5.1 '+. 7 4.4 1301 Beam 1006 909 10 0 0 9.2 9.0 8&6 1099 
Interior Negative Moment 
Colo Strip 22 0 0 1603 20 0 2 18.3 18&0 1'( 06 1903 
Mid Strip 1902 16e6 1706 18 0 5 18.6 1803 I 110'7 1-1 \.)J 
Wall Strip. 22 00 1901 1807 16.7 1701 17 0 0 1807 0 
1205 11 0 6 1505 1905 2293 24.2 1704 I Beam 
Total Ext., Neg. Moment 2406 2)0' 2406 2503 25 08 2402 '+605 
Total Into Neg" Moment 7507 63 0 6. 66.9 T~ol 76&1 7701 6704 
Average Negative Moment 50.2 1~3.,4 45.8 49.2 5100 5006 5608 
Positive Moment 
Colo Strip 1202 11,,8 1107 90 8 8.,5 909 802 
Mid Strip 20 0 6 27,,4 21.8 19.0 18.0 1609 1308 
Wall Strip 700 8.0 8.9 8 .. 1 7.3 606 8.,6 
Beam 10 0 0 903 ll.8 1309 1502 16 0 0 1205 
<'~~-'~.~" 
Total Positive Moment 4908 5606 5402 50 0 8 49 0 0 4904 4302 
TarAL MOMENT 10000 100,,0 100 11 0 10000 100 0 0 100,,0 IOOoO 
["", .. 4_~_~_.~ ~ "",0-' . ! J! ~i'~:: __ 
~-f;)Ji hIlV.· ... ': .. ;. ~ U.·r...i:'jr-.aj...-v:-WtJ.'~ ~.U't-~ ';'''::''0 If;..' ,\.':'I ..... \a:f4V~Jrf::tll~"" JC-:-_-:._"-\.1·I-t6:~/JlI~""!'a.~'1/IiiII.I.-~k&,-.... ~-Ift;.~~Iti'.n~'",~~~l!*CII'C~JIi,.C:AIl'A~'\.~:ru.. ...... -!.:'llllt·."llXQI>;!llf QI-t'IW ('!-.~l"'-,,*~':j,.#-"""b· znnrqrcw ....... l\lILA,,~~:M: .. 
R S TU V WX Y Z 
I I I I I o Deep Beam lUi ----lor ------ ~ ShallOv-:am U 
TABLE 18 MOMENTS ACROSS FULL lfllImr OF STRUCTURE, TEST 208 
(a) Moments computed. from Reactions (kip-in.) 
_········-·-···-··-T·· --------- -T-· 
TIU V W X 
1 
y -~.:j 6.4 
14.7 -8.7 
i 
\Applied Load 
paf R S 
]16.7 
- 7.2 6.3 
t-- ---------
1'7·0 -13.4 15·3 
-14.4 I -13.2 2.2 
-13·2 -14.8 
----------
-27·3 -2499 7·5 -24.6 -29.4 
---------_.-------- --.---
114.0 I -19· 7 22.0 -1t-2·3 -38.1 8.8 -39.3 -46.1 20.6 -13.1 
30.1 
-17·9 
------------~---
58.7 -22.5 
-- - .---------- _ .. _-- - .-._--
46.2 
-27·7 
159. 0 t.27 ' 8 30. 6 
- .-.- - .... _---------_. __ ._-_. - - ---. 
197.0 -35.5 38.1 
__________ _ •• _. ___________ - ____ .00 _______ 
2~)6 • 0 -~2. 9 47 .. 6 
-57·7 -51.6 14.9 -51.3 I -61.1 
---_._------
-70.6 -61.8 21.6 -60.9 -14.0 
- _.- -----
__ • ________ ~ _____ • __ o __________ ,_. ________________ 
----_._-----
-81.8 -70.1 29.5 -70.4 -88.5 
kppued -~ad . ____ .________ . __ L-- .. ___ 1--_______ =====.=~ --.,.- ----(b-)-Mom~nts Computed from St;ains (kiP~in.)-
psf R 
-·-----·-·-·--------·---T---- -U· .--.---.----..... ---V .-----.-- -------w--fx--- y z 
S 
_______ 0 ______ ---
-. 
)6.7 - 5·0 7·8 
___ .0 ________________ • ___ 
- -- ~11.6--_~ __ 9-·i~_=_-__ ~~;~-:~~_-~~:i E~~~:_-~ __ =~8_.;------ - 3. 7 
'71·0 -10.6 18.0 -24.0 -19.3 10.0 -20.9 I -24.2 16.9 - 7.8 
I---- 1--.--------------.---- - .. -------------- - --.1--.... ----------------.------------1--.------------------~ 
114.0 ~-15.8 26.!~ -3'7.11 -32.2 15.3 -32.8\ -37.4 28.5 -11.7 
-----;---.-.-- .. --.- .. --- - --. - .----.-.-. . .. -----.... --.-------.. -- .... - J- .. -.--.-.--- ... ---... ---.--..... - ... -. -.... - ... -------···-t·---··------·------------
~59. ~_ ___ ~_~_~:_~ ___ ._ .. _._?_~~.~ _______ .. _._-~~~_~_I:::~5:3_c~3_~_:2____:~5_. ~_II-=?O -"-~ __ ._~.~:_9 __ -16~ 
197.0 I -30.1 ltD. 8 -64. 4 -~:). 9 2~. 8 -)7.!.~ -f)2.5 44.1 -26.0 
~·--·--·---t---··---·-·-·-·--·--·---···--------··· -.. -.-- .. -.- .-----.--..... -.----.----.-.----.-... -... -.-- -... -.-------.--.--.... ----------- .... -
236.0 -)9.l~ 48.7 -80.5! -67.6 32.9 -71.9 -83.6 52.0 ~)1.8 ~=-=::::--:. -·-"--=--==:.;r-:;:-:.:-·-··~;·-.2:-:.=:=-=--=-·=::.:·-::·--=-====:.=:::-::-::·-==-~:-...:.;:~- .·-·c .. '-=.===-:.=-==.:-';0===:-.-::-:::=':::'= .. ~~.:- .... -l-=::-=.:..-:c_=---:-::-_=.-==.::.-:-=.=:.==o:=..--==----==.- .= 
Load (c) Design Moments (kip-in.) 
I--
236.0 -53.4 47.9 -73.1 I -T:j·l 38.8 -73·1 I -75.1 47·9 -50.6 
• ~ 
I-' 
t 
~~·JJ~~".~ ... ·jI.!Alt.nfll,~"''''''''~_.(JA'''~'4'·~,::,.\-''''''''''''-'~~~..tV'·~ .. 't:HWIHIIP'I:~~'''''L.1"'.JJIt.'\UIUHlll"" .... --Mt-~w~~ .. ·~~~ "''U>'',JI:t.Lti.~~ 'fAl<~~I""''''''''_''''''' ____ '''''''''\otro<a_~-''''''''' __ '' 
S R _~ T U I v w x l Z J I. J L 
'U' I··· In 
Shallow Beam 
o Deep Beam . -I 'U' 
TABLE 19 K>MENTS ACROSS FUlL WID.l'H OF STRUCTURE, PERCENTAGE OF TOTAL MOMENT, TEST 208 
Applied LoaC (Ia) Moments Compute~d from Reactions (%) 
psf R S T U V W X 'y z 
36.1 41.9 36 .. 8 84.4' 85.4 14.3 85.4 91.4 39.4 30.0 
77·0 37.5 43.0 76.5 77.4 23.2 76.4 87·3 43.6 26.0 
114.0 37.2 41.5 79.9 81.0 18.5 82.2 91.8 41.0 26.0 
--f-. 
159.0 37.9 41.1 78.6 11·1 ' ~~2. 5 77·2 87.8 43.2 25.7 
197·'0 38.5 42.0 76.6 81.0 . :28.3 19·9 85·2 44.5 25·9 
-,-
236.0 39.0 43.3 74.4 70.3 :29.5 70.6 84.8 44.3 26.5 
Applied Load (b) MJments Computed'from strains (%) 
psf R S T U V W X Y Z 
I 
36~7 30.9 48.5 71.8 63.6 :34.7 67.0 75. 0 51.3 23.3 
77·0 29·9 51.0 68.0 63.9 ,33.2 69.4 73.6 51.4 23.8 
114.0 29.8 49.9 70.2 67.3 ,32.0 68.6 70.4 53.7- 22.1 
159.0 31·3 48.8 71.0 67.6 32.7 61.2 72.4 51.6 24.3 
197.0 34.2 46.3 73.2 67.8 31.3 69.6 70.8 50.0 29.4 
--
236.0 36.2 44.8 74.1 65.9 32.0 70.0 76.2 47.4 29.0 
I 
~ 
ro 
I 
~~ r-"'."'" r""'" 1I'I~~'!iJ)j!I 1t1W!'f<.~ r"" 1 ~ ... _ _ .... IIWMMI !~"'~J ~ __ ,....:~..., ~ .",.. /""'""""" 
R S TU V WX Y Z o I I I 1 I I I'd ~ep Beam 0 D Shallow Be~ 
TABLE 20 MOMENTS ACROSS FULL WIDl.'H OF STRUCTURE, TEST 221 
~(>p1ied klad (a) MomentsiComputed from Reactions (kip-in.) 
----------~- --~----r_ .----------
paf R S T U V W X Y Z 
f-'--
122.1 19.8 24.8 43.8 36.6 15·0 35.4 43.2 25·0 11.9 
--~ - - -.~ -- --_ .. - -~--.------ - ---- --- - - -----~-.---~----- -_ .. _---_.- - - - -- -- -- - ----~. ------.. .---~---.--- ._._-- - _._._-- ---- -_ .. _----_ .... _-----_._------
I 
~:: ~>--t~ :~-.... ~.~: ~-:.-- ......... -.::: ; 78.8 26.4 17.1 81.3 47·8 25·3 f--.. . .--.. --- - -.--- - .. -- '--- -------.--.. -- '--'-- --- --. '--'-- -. 85.4 27.0 85.1 99.0 51.5 21.9 
----- ._---_._. ---.-----.-~-.-----.- .. ------ -_._----------------- -----------_. ----_.- --~ .. --------.-----. 
. ! 
297.6 149.5 58.0 109.2 93.6 31.1 92'lJl07.6 59·0 28.9 f--------L-.- ---'- --------.------ - .. --- -.------ ... ------ .... ---- -----.-------- .-- -.. ----. 
I 
_....2_19 ~---Pl.~.- 6 3_ :~___._1l7 · 3.+98. 9 3 5 .7 ________ ~_~9 ~~~._ ? ________ ~., 0 28.8 
_..-l45.l------ ~).3_--------~.9~2---.- .. -----~?-?-·~J1o§-·]-------2I~ _____ l~_?~.?_ ~~~.~ _____ ~~.3 _ 30~ 
--------~ :-...-----_._-------_._-----_._-----._---_. __ ._-----------------_._-----
Applied wad (b) Moments Computed from Strains (kip-inc) ! 
---.--------.------ - -- -------.--. --- --.- -"--' - .. -.---.---.------------,---------------.----___ --.J 
, 
~ 
\jJ 
• 
psf R S T U V W ~ Y z; 
-------
--------- -._------- ---~--- .. ----------_._-1------- .-----.--------.--. 
---------------------------
122.1 17.4 27.8 46.2 37.5 19.0 40.0 46.7 32·7 11.6 
1-._------- 1-------_._------------_._._------- .--- --- - - ---- ~------------ --1------
242'4~'3 49.2 90.9 71.4 34.6 79.2 86.0 57.4 24.2 
--------------- --- ----I-------------------------f----. 
269.2 40.6 55.8 99.8 80.6 38.0 92.2 99.6 62.3 28.3 
1-'-------- -- -.-------.------
297.6 145.7 58.8 107.3 85.9 39.7 98.81106.7 66.6 31.1 
~. t----- ---------
69.8 32.4 319.6 : 49.1 62.2 112.7 90.8 41.3 104.1 111.6 -;4~.4 ~:o- ··---68.5 123.11102.1 41,.0 114.5 122.1 76.0 36.3 
·'.r.1JjU·A;a ~,... ~.. au a=n#1~ CLA'IIP1J~ , 
. - , 
R S TU V WX Y Z o I II I II I TI 
Deep Beam D D Shallow. Beam 
~r.ABLE 21 l«>MENTS ACROSS FULL WIDm OF S'l'RUC'l'URE, PE.R~AGE OF TOTAL MOMENT I TEST 221 
~pp1ied L:l8d (a.) lbnents Computed from Reactions (c;, ) 
psf R S T U V W X Y Z 
122.1 35.0 43.8 77.4 71.7 29.4 69.4 82.3 41.6 22.1 
-
242.4 36.7 42.4 78.6 15.5 25·3 73.9 83.8 45.9 24.3 
r-------' 
269.2 31.1 41.5 19.8 16.1 24.1 75.8 86.1 44.8 24.3 
297~6 36.1 42.2 79·5 77·5 25·7 76.6 84.5 46.3 22.7 
319.6 35·1 42.8 79.4 14.0 26.7 72·5 84.1 41.4 21.0 
345.4 33.4 43.6/ 79.5 73·9 26.0 74.1 85.8 46.8 20·7 
~plled IDad (b) M:>ments Computed from Strains (;,) 
paf I R S T U V W X Y Z 
122.1 29.7 47.5 79·9 65.0 32.9 69., 75.6 52.9 18.8 
242.4 29.9 44.2 81.7 65.0 31.5 72.1 16 .. 4 51.0,' 21.5 
269.2 32.2 44~3 79.2 64.8 30.6 74.1 78.9 49.4 22.4 
2gr .. 6 '33.8. 43.5 79.3 65.0 30.1 74.8. 78.7 49.1 22·9 
319.6 34.3 43.5 78.8 65.4 29.8 75·0 78.1 49.2 22.9 I 
345.4 :;6.0 43.2 77·7 61.0 28.9 75·2 78.1 49.0 23.4 
f 
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FIG. 2 PROTOTYPE SLAB 'rOP STEEL 
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FIG. 4 PRC1.OO'lYPE BEAM S'l'EEL 
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FIG. 65 WAD-STRAIN (mRVES, TEST 234 
I 
I 
I 
I ) 
I 
[ 
i 
I 
r r :: 
L 
I 
I 
~ 
I 
~ . 
...:-
~ 
~ 
i I 
... I I 
~ I 
CIl , I ~. s 
~. I 
c5 
H 
~ I 
t~ 
, \ 
\ \ \ 1\ 
-\ 
i\ \ \ II 
\ 1\ -\ 
1 \ 
~ \ \ 
. ,,~ \ \ 
.,.,..., 
:i 
.. ~~ \ !. I' \ 
r; 
~ ~ \ \ 
i ~. I ~ \ \ ~. "' 
r~ 
i 
"--
.. -
.~ 
l 
E . ~: 
Note: W.cation of' gages shown in Fig. ro-22 
5.60 
~ 
0 
e 480 
i 400 
Ul 
H 
8. 320 
ttl § 
a 240 
.... 
td 
I~ 160 
11 
~ 
.-t 80 ~ 
~ 
0 
----
~ 
-~ ~ 
, 
/' / ~ -----,- ~ ~-V / V 7 / ~ ~ ./ 
/ / ,/ / L / i 
/ - / I / /v / f--------
V //' /v. r-------- ,----- ---'--.. --- ---------- -- ------_.- ---------f----- ----- - --
V //·V~ 
Xll V53 
20 ,x 10-5 
Strain 
FIG. 67 LOAD STRAIN CURVES, TEST 234 
[; 
E 
I 
I 
~ Iii 
L. 
I 
I 
I 
I 
I 
I 
.... ----.,--------------... ~.,--~ .......... ---."""" ... ------"-I 
( a) Co~umn 1; (b) Column 14 
(c) Column lO 
I 
i ( e) 'lors1onal Cracks in Deep Beam at Column 15 
FIG. 6t3 PHOTOGRAPHS AFTER ~T 1'0 fAILURE 
I 
I 
r ~, ': 
L 
I 
I 
I 
I 
I 
I 
.. 
I 
I 
.;' 
(' 
" 
o 
Previous crack.s IHHH\ Very wide cracks 
Crusbing of cont:rete 
FIG. 69 CRACK P ATl'ERN ON TOP OF SLAB, TEST 234 
I 
I 
I 
I 
,..... 
i • 
\ ' 
C.J 
I 
I 
I 
E 
I 
.,.. 
~l:: 
iEi.i 
!' -. 
I 
~ 
~ 
~ 
Sh&llow Beam. 
I ~ Deep Beam 
i 
FIG. 70 CRACK PATTERN ON BOTTOM OF SLAB, TEST 234 
I 
"~. .~ - t. • :' : . ~.;' .: .' ..... .. ...1 .... ~ •• .,. , '., ~ . .: • .; r 
I 
I 
r 
l..; 
I 
I 
I 
I 
I 
I 
I 
I 
i 
I 
~ 
~ 
J.i 
~ 
!l 
t 
~ 
.!a4 
... 
~ 
i 
20.0- -r-'----~--~~--.~----__ 
18.0l- I ~ +-----t-I-4I~-__I 
16.0J.--- I --L ___ --1- -, 
d -. 2 1/4 in": 
14.o~-~-------------- - --,--y----'--------.--r .... ~i 
1.2.0.--- f +- -- ------~--- -~-- ~ 
10.0·--- ----.----------~-- ------~------
8.0 l----_+__ /,:J-""""" ~ ~ 
6.0 
4.01-- I. ~-I 1- I.. I -I T II 
2.0J---l-H -I 1 I 
e 
r 
e y 
200 1KX> 600 800 1000 1200 1400 
Steel Btrain, m1croinches 
FIG. 71 SLAB STEEL lW{()MENT-BTRAIN CURVES, d = 2 1/4 in .. 
, - - . 
20.0 
18.0 
16.0 
d = 2 1/8 in. 
14.0 
+> 
0 
e 
f..i 12.0 
d) 
~ 
. 
;l 10.0 
• ~ )4 
... 8.0 
~ j 6.0 
4.0 
200 
€ 
E 
r Y 
200 400 600 800 1000 1200 1400 
Steel Strain, micro inches 
FIG. 72 SLAB STEEL MJMENT-STRAIN CURVES, d = 2 1/8 in. 
--.- "",--,,<,,~ "--"--4 ~ ~U'$,"" ---, ~ ~ ... _ .. IIIfItI rrHn" ... ~ r:.~ .. .. (;';-<1 
~ 
& 
. 
!1 
I 
~ 
~ 
... j 
, .I_-l L I'~ 
_____ 
UMOUI1l't/· .. -__ ....... JQIj: .... iQ t21R~~ • ........:..--.~rlt'~·.·..tf~I{~(.' .• ,'l:",~~~~---~~lt':...~:t'lIZ .. ~~"''11"'f'j.at~'''''''~·~i,~~t'" 
14.0~----------~----~--~----~--~----~--~----i---~----r----r--~r---,----, 
i 
12.0rl---t----r---~--~--~~--~---L--
.~ f---1 -----+-, 
I 
l---.J?Q· qi~ 
10.01 I' 
8.0 ....... ---t---
I I 
: I .~-~-. 
-----1--- -
I -.' 
-r----4-, I - -
I 
I 
6.01-1 ---' -----!---.-- /~ 
4.0.-1 ---/----
2.0 
1----.' I I --f-- - -- ,-,-- .-.-.-. ---
200 
I 
L-
I 
i 
600 800 
Strain, microinches 
1.000 
FIG. 73 MJMENT-6TRADf CURVES, d = 1 1/2 in. 
-1----- -
1200 
.+-yt:-+-t-----... - .. ------
.----t-/ I I -.-.--~-.. -.---
1400 
_____________________ W~~:M·.J~ *" .... ll 00>""-"';>" ~;J~"cI"'.U' nm tV DQCI~.,,""'C~IG!II __ ...... _______ ~ 
)~~.iJ"AI~::'~'I.:...,·,..,rg.\l:.'7'\".·~'~~~·~V~ ..... ~-,:.'!-l~.~fW1IrIlN~.#.J.I,..."'A:t .. ~,U'!)~'''~r~"hYt2f1Jtt"'Iff&~~~~~ .. CLiiIi1I:!:a ..-:a~1f3ft'r~~t:"Q"::~ .. ~.t.;JJ:~~~~~JlI(tlW"6:':~1P.";s,.:.u~~N~rtWl~~~~~_ 
14·°r---.---·-.-----.---~----r_--,_--_.----~--_r----r_--~--~----~--~i~i----__ ___ 
12.0t II 
10.0 
t! . d :I: 1 3/8" 
1-i 
& 8.0 
. 
~ 
I 
~ 
~ 6.0 
... 
+> 
J 
4.0 
.003 
2.01 ...... 
100 200 !too 600 800 1000 1200 1400 
strain, microinches per inch 
FIG. 74 SLAB STEEL IDMENT-STRAIN CURVES, d = 1 3/8 in. 
·~~~'7 .. · .... ~~~..i:«!Y"" .... 'JU;.Iti ... ,if!l.llt": ._oi,·h~ 7 11 "J~_CW~ • 
".~(~ ~"'il."'" r->""'~ "'~;~~ ~.~ r';'""I~ ~ ~ .. ... .. mtR t"Y."""1 ~ ~ r:l 1M .. r"'~~~ 
40.0 
36.0 
32.0 
+> 
28.0 
~ 
h 24.0 8. 
. 
!t 20.0 
• ~ 
.!4 
... 1.6.0 ~ 
I 12.0 
8.0 
4.0 
0 
/ 
v 
~ 
~ I _+_ I I De~pl Be8l!l :::1 :+41 I 
~I~~~I 1--
i E,--7fA<r 
I I 
~ 
200 
I I liOO . bOO 800 1000 l200 1400 
Steel strain, micro1ncheB per inch 
FIG. 75 llE.AM STEEL K>MJmT-BTRAIN CURVES 
_~~~ .. ~~~·~lr'!&.I!ttr.ithV";:~Jh~~~l4'&-~~~,~tf~~WA-l·~t»;\r"'!.J;:W~~",lJ>i.~i\; 
O.05r, ----------r---------~--------~Ir·----------r---------~--~~-----
..cs 0.0 
~ 
e 
u 
-a 
,.. 
~ 0.03 
~ 
~ 
., 
p. ~ a = ~ )/0 m.l ~ 
------+------ 1_ d = 2 1/8 in • . !.t 
• 
.ft )4 
.,. 
~ ~ ~d = 1 318 in., 1 1/2 in. 0 
@ 0.0 
o 200 300 400 500 600' 
Residual strairi, :m.1cro1nches per inch 
FIG. 76 SLOPE OF RELOADING LINE VB. RESIDUAL STRAIN 
fifi'- ~l r":'''W~ thM __ ~ r'" ~?:l ..... IIiItMII .... _ _ ...,. t'.··~-·l ,.. ... ~:1 .. ... ~ 
1 J. I "T 
1 2 
11 0 
~ 
& 
. 
!l , 
!1 
M 
... ) 
8 
~ ~ d = 1 1/2 11 ~., p == 0.00 ~, from .rIG. 73 6 /"'.... V~ ~ / I 
-' 
4 / ~ ~ residual ~/ I strain .~ ~ - - Slope 1ft!< ~ YIG.76 ! 
.--'" 
-
2 r- ...",- / ~. .Measured f tr&in plua I lesidual Stl ~I~ r oV 1 
200 lJ( )()" b(M) 800 1000 l.2OO 1400 
str.in, miero1ncl1es per inch 
FIG. TI D£T.ImMIl(ATION 01' )DIgl'S FROM S?Ea. S'J:'.RAI18 A'P'.r1m DfttIAL TKBTB 
• !l 
I 
~ 
,b4 
... 
1:1 
~ 
::!: 
i 
30. ~--+--+---+----+--+----f--+-------i4___------,,~--I 
25. lA----=----+---+----+--+----f--+---~4___-__+___I 
15.0 
10.0 
5. OP----~~----+-_+__---+__+__-----<+__-_+_~ 
Applied load, pounds per square foot 
FIG. 78 COMPARISON OF TOTAL MOMENTS IN INTERIOR PANEL 
TEST 208 
1:, I 
I 
r 
L 
I 
I 
I 
I 
I 
I 
I 
r 
t.:-.,.. 
. 
!t 
H (1) 
~ 
. 
.::l 
I 
~ 
~ 
... 
~ 
J 
I 
2 
1 
Col. Strip Mid Strip Col. Strip 0.5 
0.4 
0.3 
0.2 
0.1 
0 
Measured Moment 
--
Empirical Design Moment 
--- Elastic Design Moment 
0·5 Col. Strip Mid Strip Col. Strip 
0.4 
0·3 
0.2 
0.1 
0 
FIG. 79 COMPARISON OF MOMENTS M DESIGN SECTIONS IN 
INTERIOR PANEL, TEST 208 
rl 
~ 
.... 
~ 
CJ 
~ 
til 
C\l 
f:l 
0 
oM 
+l 
() 
t15 
I 
L" 
...... --!---.... - ... 2 
·1 
55 Col. Strip X1d Stri Col. Stri 
50 
40 
30 
20 
~ 
I 10 
i 0 
.a 
~ Measured Moment 
0 
--
E1Q1r1cal Design Moment 
t --- Elastic Design ltlment 40 Col. Strip Kid St~ip Col. Strip i 
.. 
J 30 
20 
10 
0 
FIG. 80 PKRCEIT.AGES OJ' 'lUTAL lIJJCDT AT DESIGN SECTIODS 
II IITERIOR P AImL, TEST 208 
M 
~ 
~ 
0 
! 
(\J 
j 
~ 
u 
t! 
[ 
E 
I 
r 
L 
I 
I 
I 
I 
I 
~ 
~ j 
50------~~----~--~--~----~~------~------~~ 
~ 301------~~--~--~~--r-~~------~----~~ 
+> g 
G-! 
o 
(a) 
O~~~~1~ ____ ~ __ ~~~ ____ ~~ ______ ~5 ____ ~ __ ~ 
50 100 150 200 250 
Applied !Dad, psf 
PERCENTAGE OF 'roTAL MOI.fENT K£ DESIGN SECTIONS VB. WAD, 
INTERIOR PANEL, TEST 208 
2.0~----~--~--~----r-~------~-------r~----~~ 
O.8~-----+~--------~--~----~-r------~------~~ 
0.4~-----+--~--4-----~--------~------~~----~~ 
1 2 4 Load o~----~--~--~----~~------~------~~----~--50 100 150 
Applied Load, psi' 
RATIO OF COLUMN STRIP :MQ)(ENT TO MIDDLE STRIP MOMENT, 
INTERIOR pANEL, TEST 208 
FIG. 81 
250 
~ ~l~~A)Q"'"tI"'QI?r~~~1m,.~~(-<t£~a.¥:~~~~~.sv~.t~';';~.j~Iir~~!.!I:~~:v.~JII.M.'6C.""~~ .... ~ ..... 
tJIj 
H 
? 
en 
f\) 
~ 
5 
~ 
H 
~ 
I 
~ 
I 
~ 
" t-' $ 
W 
.t; 
l 
~ 
~ 
" t-' 
~ 
w 
.t; 
I 
~ 
~-~=t=-"~~i~-t~2~H=_=-~I ~---~- -----=--:=:::~~.I G 
::1; .~ie (;;~ ~'~1' -~~ .~~ ~~~3k~M3 il~! 
• £{)Ml • roKl ll7KL .15 .15Kl. ~5Ml .1-n4- • 20Ml ~ I 
I.....,.... ~ 1--- --- -....... --- --- ---' ---I, 
.1. _ . __ ._._ .... __ @ __ ._ ..... _ ___@ .. __ .... _ . __ ... __ .... __ .'. I ~ ___ _ 
~-l r-- -, I 1,---1 I r-J 
1~-11 ~-~. 
r-::\ tt.-., I 'r -( 'to -{ I I I r 1t1 IN' 
W I.J I I I I I )-.{. I I . I I >- -\ 1 I I L -lU Y.::/ rl~:--::!~-?l ::-:~:~~j--::- i:j 
'--- I -- .,,""--. --- I ----. - - I """'---- ~ I, 
I ® e 
'r, I 'r--( I 'r-( I r-, UJ I I I r::: - 't I ~-71 ® [I J I I I I )-"\ I I I I I H I I I u" @ ~ ----~~~I-:~ -~- ~---.~- t~ -~; --~Ml ~ ~~ 
~ I. 20M!. 20Kl ~ l7Ml .1'lMi .15Ml .r5Ml · • 1 • 20Ml 20Ml I ~ I - ~ I --- "':=T ----- --- --- ~ I ! 
~ l.o8M1 .065Ml 14m. .1, .05Ml. 3M! .065Ml o~i"\_-
I -l----.---. -- ---.-... -.-.----------- -- - -.:.........--.- '-" '.'-... ----.---.----. - ----.. ---.- -1 
~ I --- ~ --r-- --::,- -- -- - II 
r , I - . 
----- L ___ -LJ-L-L ___ __-.,_Jrl __ . ___ _ 
®I @ ® I® 
cf>2 
• ~"i mv1'!Ii'aQI' "!J •• :Sl ~~a ... ~ ene= ?e',....~..-:cl~ ... 
~ ~~ r'-""1 ... ~. C'·:·(~ ~ J!f}!t., lflii ... .. .. f":~~~1 l!!M .. C::1 ftI!W ... cr:}11 
~ 
. 
~ 
• ~ 
..!l4 
... 
+l 
~ 
~ 
«1 
+> ~ 
. 
!l 
J 
~ 
~ 
"' +l 
s:l 
~ ~ 
~ 
~ 
40.0 
I 
sign Mo 
30 .. 0 
20.0 
10.0 
J 
I 
rl 
~ 
i 
I 
i j 
'J 
i 
! 
., 
~ 
~ ~ ~ ~ 
~ 
~ 
~ ____ ~1~ ____ ~2 __ ~ __ ~3 ____ ~~_4 ______ ~~~~~6~Looo No. t 
o 50 100. 150 200 250 ~ 
Applied. !Ded, pounds :per square :foot ~ 
(8) PaneL F J 
a: 
~.O·r---~-'---~-~--~----~~----~---~-- ~ 
30. 
20. 
10. 
i 
I 
DeSignl~t 
i 
i 
~ 
I 
I 
! 
~ 
~ 
1 
i 
~ 
~ 
I 
~ 
! 
~ 
>:: 
~ 
~ 
i 
~ ~ 
~ , 
g 
~ ___ -J.....I----J.. ____ ~2~~_~3:""-"' ___ l.-.-....!_4 ___ J......I..t:~_~6:...-....J Load N0'1 
50 100 150 200 250 
Applied Load, pounds per square foot i 
(b) :Panel. B i 
g 
, 
FIG. 83 COMPARISON OF 'roTAL K>MENTS PARALLEL TO DEEP BEAMS, TEST 208 " Is i 
0.5 
0.4 
0.3 
. 
~ 
J.1 0.2 
& 
. 
;t 0.1 
• ~ 
~ O.~ ... 
.t-) 
J 0.3 
.~ 
rf.l 0.2 
0.1 
0 
1 
2 
Mid Strip 
~------~------------------~--------~-uL·5 
Col. Strip 
- - - Design Mom. 
nG. 84 COJCP.ARIBOl( OF MOMENTS .AT DESIGN 
SECTIONS, PANEL F PAR.AI.IZL TO DEEP BEAM 
TEST 208 
... ] 
~ 
I 
I 
E 
I 
I 
I 
I 
I 
I 
I 
I 
L 
I 
+l 
-;;1 
~ 
~ 
.s 
~ 
0 
§ 
0 
J.c 
~ 
.. 
~ 
~ 
:i 
1 
:J 
t2 ..... --1----....-...... 
Col. Strip 
30 
Mid Strip Wall Strip Beam 
Measured Mom. 
25 
.-.. - - Design J.bm. 
g) 
15 
10 
5 
0 
20 
15 
10 
5 
0 
FIG. 85 PERCENTAGES OF TOTAL MOMENT AT DESIGN 
SECTIONS, PANEL F PARALLEL TO DEEP BEAM 
TEST 208 
,..; 
~ 
~ 
+l 
() 
JJ 
C\J 
s::: 
0 
.,... 
+' 
t) 
~ 
I 
1:t 
~ 
3 
.s 
fp..j 
0 
~ 
~ 
0) 
(.) 
H (I) 
P. 
'"' +' 
J 
1 
15-
10,. 
5. 
50 100 
Applled Load, pounds per square foot 
(a) NegatiYe Moment 
$. 10. ut----t--+---t---lt----+--r-+---+-+--+---4---+.--+----J 
$ 
i 
I I I o~ __ ~~1~~~ __ ~ __ ~ __ --~~ ____ ~15--~~6~~RdNO. 
50 loa 150 200 250 
Aklplied Load~ pounds per square foot 
(b) Positive 1bnent 
FIG. 86 PERCDTAGE OF TOTAL MOMENT AT DESIGN SECTIONS VB. WAD, 
PANEL l' P ARALLXL :ro IEE.P BEAM, TEST 208 
I 
I 
I 
fl 
L 
I 
I 
I 
I 
I 
I 
I 
r ~ 
,-
; . 
. 
!t 
r... 
& 
;i 
, 
e 
.!4 
.. 
~ 
s:: 
t) 
S 
~ 
~ 
til 
Shallow Beam 
L 
1 2 
Col. Stri MidStri Wall Str1 
o. 
Measured Mom. 
--- Design Mom. 
0.3 
FIG. 87 COMPARISON OF mMENTS AT DESIGN SECTIONS, 
PANEL :B PARALLEL TO SHALLOW BEAM, TEST 208 
Beam 
12.5 
0 
,..; 
s:l 
0 
.,... 
.;.J 
C) 
5 . ~ ~ 
oM 
! 
~ 
..!4 
... 
.;.:> 
0 
d} 
s 
~ 
~ 
~ 
C\I 
5 d 0 
oM 
~ 
(J 
(1) 
u.l 
~ 
~ 
~ , 
.a 
ft...I 
0 
~ 
I) 
~ 
t!J 
P4 
"' ~ 
~ 
40 
30 
20 
10 
0 
40 
30 
20 
10 
0 
Col. Strip 
1 
Shallow Beam 
r-
-.J 
2 
Mid Strip 
Measured Mom. 
- - - Design Mom. 
Wall Strip 
FIG. 88 PERCENTAGE OF TOTAL MOMENT AT DESIGN 
SECTIONS j P A.~ B PARALLEL ro SlIALLOW BEAM 
TEST 208 
Beam 
r-I 
j 
t 
~ 
C\1 
s:: 
0 
...... 
~ 
~ 
fa 
[ 
I 
I 
r 
L 
I 
I 
f 
I 
I 
I 
I 
I 
I 
~ 
d 
~ 
~ 
~ 
~ 
i 0 ~ 
ct-t 
0 
~ 
t:l 
cv 
0 
f..i 
4> 
P4 
... 
~ 
J 
-
1:1 
~ ~ 
i 
::. +l 
~ 
0 
~ 
IS) 
~ 
... 
tl 
~ 
~ 
22.5 
20.0 
15·0 
10.0 
5.0 
o 
17·5 
15.0 
10.0 
5.0 
0 
L I I I ~ ~ I-Mic ~ : Strip -... 
4V V /~ ~ Wal strij~ ~~ ~ .... -_ n \ I ~ "-- -----~ r---...: ~JSJD n--- I .............. ~ '-rT --.......: 
'--T 
JI 
I V I / I l3eam .110 
~r ~ - -... 
~ 
V r I .............. I 
•• 
I I I ! I i 
-
1 l 11 i P 2 3: 5 
50 100 150 
~nplied Load, psf 
(a) Negative Moment 
c~ ...... 'M~ Strip 
-
"" 
~ .- r---..... .... ...... .. 
~ ~ 
I 
<r- r--...., 0-------9' ........... Co ... str p 
I II I 
............. iO---~ -0 
W81 ~ fStri ~~ I 
Ib .. -
10-. ... 
.JIL... 
-~ 
---
~--~ I'Q 
- -
....,... 
"'" V-
I 
-Beam 
1 12 13 14 15 ~ 
100 ,150 200 
Applied Load, psf 
(b) Positive Moment 
Load No. 
250 
FIG. 89 PERCENTAGES OF TOTAL MOMENT AT DESIGN SECTIONS VS .. LOAD, 
PANEL B PARALLEL TO SHALLOW BEAM, TEST 208 
Cl 
"P"4 
• ~ 
-M 
..'4 
... j 
~ 
;.J 
-~ 
I ! I I II 40.0 
I 
30.0 
~ !u.rUreO )b!!1eIl t~ L 
~) 
i'--~ Y V ~: 
.L" 
~ ,.".. 
, V" 
V ,/ V ~ ./ 
20.0 
V ~ V I I K V 
~ V ~ 'Desig L b. 1 ~ nt 1.0.0 
o 
~ V V 1 2 :3 4 15 6 
50 100 150 
Applied Load, pounds per square foot 
FIG. 90 COMPARISON OF TOTAL MJ)fDTS PERPENDICULAR TO DEEP BEAM 
P AliEL F, TEST 208 
1'1 : •. ~
."" 
I 
I 
[l 
I I I 
r-
1 
~ : 
j < i..,.;., 
I I I 
I 
r 
I 
I 
i 
~ ~ 
~ 
~ 
~ 
iI { 
:0 
t: 
~ 
~ 
~ 
I 
! 
I 
I 
I 
. 
Q 
.,.; 
1-i 
~ 
. 
!l 
I 
PI 
"I""f 
~ 
... 
~ 
J 
1 2 
~~-- .~--+---~ S 
~ 
0.5 Col. Strip Mid Strip Col. Strip 
-- Measured Mom. 
0.4 
- - - Design Mom. 
0.3 
0.2 
0.1 
0 
0.4 
0·3 
0.2 
0.1 
0 
0 .. 3 
0.2 
0.1 
0 
FIG.. 91 COMPARISON OF !IDMENTS .AT DESIGN SECTIONS 
PANEL F PEPJ'ENDICIJLAR TO lWRP "RF.AM, TEST 208 
"E 
I 
:g 
'$ 
fH 
0 
~ 
it 
C) 
l 
... 
1 
i 
1 2 3 
55 Col. Strip Mid Strip Col. strip 
20 
10 
0 
30 
20 
'10 
n 
v 
-- Neasured Mom. 
--- Design H:ml. 
~~~~~~~~~~~~~~~~~~ ~ 
~ 
..., 
~~~~~~~~~~~~~~~~~~~ 
P""\ 
~ 
oS 
.p 
~~~~~----------------~~~~~ ! 
J'IG. 9Q PERCENUGE OF TOTAL KJMENT AT DESIGN 
SECTIONS, P.ANEL F PERPENDICULAR TO DEEP BEAM 
TEST 208 
I 
r 
U 
I 
I 
~ 
b 
~ Q 
Q) 
~ 
r-! 
cQ 
+-
.s 
iH 
0 
1-l Q 
a) 
~ 
& 
... 
~ 
t1J 
~ 
I 
+l 
~ 
~ 
~ 
.s 
.. 
I ~ 
G) 
CJ 
~ 
11> p.. 
... 
~ 
! 
55·0 ~ I ! : In~. cOI]1 striI= I -I I I 50.0 '-- I I Ii- JJ I I ~I 
--J4-tI ---I==<? I ..... 1 !I iT I I 
I i I I I 
, I I I I I 
I I t I I I I 
40.0 I I I I I I I II I I I I 
I II I I I 
, 
I 
I 
I I I I I 
I I I I , I 
I I I I I I I 
I 1 I I I I ..... 30.0 I I I I I I f Yl I- I I I !tid str~p _____ , ~~~ 
1 I 
1 Inti" 1_-0 
I I I tt: I-"" I V- I r'1.. .. 1 ~ ~ I .- -
"'" 
I I 20.0 I -,. ~ --I ~ I ~ ..... V- I I I I ~Ol. S ~rJ: I l I Ext. , 
I I I I I 
I I I I I I 
I ~t. M +d Str 1p, ! I I I 1 
lO.O I I 1. 1 ~ I ~ .J. ... I 11' ____ 
-r ~ 
,. .,If ... 
, I -,.. I I I 
I i I I I I I l I I h In. 13 1 I 14 I~ 16 I load No. 01 I t= I II Co I I II -' I I-
50 100 150 ZOO 250 
Applied rr' pounds per square foot 
30.0 a Ne~tive Moment ! I I I r I II T I 
I .l .-..m... I V Co~~ Strip I 
<D- -
----""" 1T\:: ~~,., !.....- .. I 
I ~ ~ ., r-------. r--¢ ~ -~ 1 I ~ Midi ~triP ~ I 
20.0 J 'I I 
, 
--0 
I :1 I I I I 
:1 
10.0 
I I 
I 4- I 5 Load No. 
0 50 100 150 200 . 250 
Applied Load, pounds per square foot 
(b) Positive Moment 
FIG. 93 PERCENTAGE OF TOTAL MOMENT AT DESIGN SECTIONS VS. LOAD, 
PANEL F PERPENDICULAR TO DEEP BEAM, TEST 008 
I 
I 
I 
I 
40.0 
I 
I I I I 
I 
Y ) 
\Ii Ita 0' Ire< l ~JL t 1'-..... '/ .. 
~ V / / ...... ~ 
~ .,. V V V / ./ 
/ ., V" ~ V 1'1 ~s1J Pl .... V :t 
~ V ~ 
30.'0 
. 
.:l 
I 
!r 
~ 
... 
~ 20.0 j 
~ 
~ 
10.0 
~ V b ./ p. 2 4 5 6 o 
100 150 
Applied Load, pounds per square foot 
FIG. 94 COMP.ARIBOli OF TOTAL MOMENTS PERPENDICULAR TO S1tALLow BEAM, 
P ABEL B, TEST g)8 
r 
I 
I 
r 
L 
I 
I 
r 
; 
r 
1.. 
I 
I 
I 
I 
I 
I 
f 
I 
I 
~ 
I 
I 
I 
I 
~ 
i 
I 
1 
~ 
i 
I ~ 
:t 
;1 
. 
oS 
J.t 
& 
. 
~ 
• ~ 
~ 
.. 
~ 
~ 
~ 
Shallow Beam. 
, 
',-~I 'I. 
~-' L_ 
3 
. 
2 
-:I r-
:;'l~ l.fr 1 
Col. Strip 
ct. 5 
Mid Strip· Col. Strip 
Measured M:lm. 
!. 
--- Design )}om. 
0.3 
0.2 ,-{ 
$:I 
oS 
+l 
0.1 tJ $-
OJ 
0 
0.3 
0.2 C\I 
s:= 
oS 
+> 
0.1 C) ~ 
0 
0 .. 4 
0.3 
r<\ 
0.2 Q 
.s 
+> t) 
~ 
0.1 tJ) 
- ....--.~. 
0 
FIG. 95 COM? ARISON OF MOMENTS AT DESIGN SECTIONS 
PANEL B PERPENDICULAR TO SBJ\LLOW BEAM, TEST ro8 
• .. 1.... --.... --------.. --------.. ----.. --~----------.... --.............. ----.. ~--.... --...... Ma __ MU ........ ____ ........... , 
Moment, percentage of total moment 
~ 0 b ...... ~~o l-J ~ b f-J '\Jrj \Jl \J1 0 \J10 VI \Jl 
0 . 
i~V71/7U \Jl 1//1//1}1 1/7/17/1/,,/1// / / / /"'/ / Ii ~ / % / ~ ~/l//0J V ./ J / /} " / 1" ./ // /. // ~ • I ./ / 
/ 
H / / //r/,/ I 
~~' I //.-[. , I ~~ / i /,,/, I" e t1l ~I 
,// t-" 
/ ,/ ~ l' / ./ ,/ ./ /// ~ / / / //' .-/... ,.," ,,/ 1:i!3 . / 
./ I~ // /1 ' ,/ / / / ' // ./ ,/ ./ / / 
... en 
H I: 
~g 
,~ 
f 
~ 
i 
i 
. 
~ ~ 
. 
\J1 
1 g 
l-J 
. 
CIl 
c.+ 
Ji 
~ 
~ 
ro 
c+ 
~ 
td 
Q 
o 
...... 
I 
-- ---"1 " . t -, -
: i 
I i ~~1-- -t~-
...... J\) \.J.I 
~ 
~, 
~ 
w 
m 
0 
&l 
til 
c.+ 
ti 
..... 
v ( ~ ( V I I , Y./ V ./ V I V v./ V ./ l/ k /' I td 
.. 
Section 3 Section 2 Section 1 
, 
~ W-fM'io'~ r'''''~"\ .. ~~ I'F;!>l:~ I:>', IW ~l'h;4 r;,-~·~~lJ .. ~ _ 11M .. ~ ~"l~~~r~~~~ 
o 'I! \. i ! i II I I 
55· -1 ()......T ill ,! I I! ·1 
I I: I iA 1 11 I I 
11\ ' ~..o-t I: ' II 5o·0~· -~---+--'+, _____ IT ~',!! I I -4~-!-- I: Jrnt:. f~~ s~):!'r_l-__ i ~ 
'I : I '1'·\1 ! ,I' : i ' ;; i i 
I ' ' I !,! ~ I 
4O.0---t-LI ~ -+- II I I iii Ii il 
f----.-
I -~--~ I! I : I W : :i ! t-
It' ! i ! I II' ~ I : iii I 
30.0 r----- I I i I I I, ; i ---li--_! '-t--
I rl i _l ~t. rt Stri~~ , Q 
r----t-T r!1 l' ~ i I 
;1 II i I II ,~ :~ 
20.0 --1--1- II I I· I! £ , ... 
ii.!1 I~,IO::'II 
: : Eri. Co~. Str P ---+---r-- j i
l 
I 
i 1 i ~ I - I 
,..-. ;.. 1 1+-1 I 
----+ -- I - r- ... 'I' I I iii I I I ,I I I ~ I 
iii 1 I I I .. I II I I 
Ii I I I iii I I 
I Eri. Mi'~ Stri ~ I I t II i I 
'i II "-......... I Ii _. I I 
10.0 
.!.. u.. ... ~ *- .II. .... 
Tl I ~2 "1-3 T4 I 15 i ~ lDad No. 
50 100 150 roo 250 o 
Applied Load, pounds per square foot 
(a) Negative Moment 30.0----~~~I~--~~~I~~~~~~-,~II~-~rl-.-S-~TI~i-P--~!~1-. 
'r rr I.I --.....;;;::-r"'{ :-... I i 
I I _~ ~~-~ n 
1..._____0---' 1 V"1.j~ T 
r I Mid Strip ~ I 
20~O~· --~-~l+---~!---1--+i~---rrf--r---T---4-71~ 
I I I I II I ~ ,I, I 
I ' I I I I ~ ! I ! ! I I ~ lO.O~--~I--~--~:---r~I-r---rrl--~--r---~I~ 
... ) I I I I II [ I I I I I I I I I I I I I 
O~ __ ~~ll~-__ ~1_2 __ ~~13~ __ ~~14 __ ~ __ ~5~~~t_6~ ~~. 
50 100 150 200 250 
Applied ~ad, pounds per square foot 
. (b) Positive Moment 
FIG. 97 PERCENTAGE OF roTAL WMENT .AT DESIGN SECTIONS VS. LOAD 
PANEL B PERPENDICULAR TO SRALLOW BEAMJ TEST 208 
1 1 
#0.0 
-/ \lOCi .. Mcmen t "t;U -
~~ (/ 
L '/ " 
.s 30.0 I 
!f 
..!r4 
1/ ~ 
V V .,. 
/ Desi ~ Mom ent ~ V t 
V 
,/" 
~ 
... 
"E: 
~ ~ 20.0 
r-f 
~. 
n 
~ 
10.0 
o / 
, 
11 2 13 4 5 
50 100 150 
Applied Load, pounds per square foot 
FIG. 98 COMPARISON OF TOTAL MOMENTS, PANEL J, TEST 208 
) 
v 
'/ 
I 
6 wad No. 
250 
I 
~:: ~ 
If 
I 
r 
i 
i..:. 
I 
I 
,. 
L 
S 
I 
I 
I 
I 
J 
!J 
, 01'. :)U 
· .. ·~.n,.(\W~~ ... t.,.J..lJ" .. /..4.ir.6. .......... .:.t:~)..('i\".~~ , ... ·..-·~ ... »~ .. '.!·.:;.;u~r.:.."...·J"-;."\J;i.l~t;:..:;~~ ... ~\.~~;.a,,~.u:..~'~l£).1. . , .. /.i..~~d~"'~'1fI\J.;~t.-4.~/PI'U,"",,~"'~~~1:!o"!.J';n";:...t.).,,:~~~~~:~t~~"~;."7'1t:2t!i"~X •• ;t',:~."'~I~~J""l •• !~i(!!'t"~;"~1E.r.;..""S".A'WJ:JI-,~.~~~~t..\.W~t!:Q'j~f"l\"";Ct;:.\J.lC~ 
~ Q 
~ 
() 
~ 
~~ 
~~ 
o 
c...~ 
.. 
Ii 
~Ul 
~ 
~ 
H 
~ 
~ 
~ 
H 
o 
. 
o ~ 
Slab M.1Jnent, kip"1n. per in. 
o 0 
. 
o 
. 
a 
. 
o 
. 
o 
. \..NO 
o o 
. . 
'vi 
tj 
CD 
O'l 
i 
~ 
o 
. 
/ 
if {ll 
O'l 
~ 
m 
p.. 
~ 
o 
. 
C!.l 
c+ 
Ji 
~ 
~ ~ 
p.. ~ 
(I) q W 
t-" ~ 
E 
(I) 
c+ 
Ji 
...,. ~ k<~J">1/; r 2V A :I f ': t/ 7L // 'k'/ I . / / ~ / > >Ji I I~ 
·0 \.Jl ~o 
. . 
o Vl 
Section 3 
\.J1 
-.10 
. 
o \J1 
Beam Moment, kip-in. 
\.Jl 
o 
Section 2 Section 1 
t~~I~- wrr~. y ..... 1 _I 
...... 
o 
o 
...... 
\.J1 
o 
.J iL 
----_ .. _+----
~-.-I-.---.--." .. --- ---.~-.- ---
'vi f\) 
Deep Beam 
~ 
I 
: . (~~~ ft.~c~ <· .... Ie :-~~~a ... '."!01~_'_. ____ , ...... ~_ .. _I __ ... _?'1JH>lII! ----.... '-* .. lOiIlOl ........ -· ------______ --e 
; 
~ 
,> 
.'~ 
:~ 
~ 
.' 
" ~ 
~ 
ii 
~ 
~ 
i ~ 
I ~ 
i 
I 
i .~ 
'i 
.~ (!) s I ~ ~ +' 0 
II +' i ~ 
I 
0 
Q) 
bO 
~ (l} 
I <:) ~ (!) Pot 1 
i '" ~ 
~ 
~ 
1 
~ 
~ 
2 A Q) 
~ 
"I 
3 
Deep Beam 
Col. Strip Mid Strip 
30 ~--------~------------------~------~~~ 
--- Measured Mom. 
Design Mom. 
20 ~--------+-------------------~--------~~ 
20 ~--------+-------------------~--------~~ 
20 ~--------+-------------------~--------~~ 
_.Jo---- --
FIG. 100 PERCENTAGE OF TOTAL MOMENT AT DESIGN 
SECTIONS, PANEL J, TEST 208 
I 
I 
I 
I 
o Int. COl. Strip 
o Int. Mid Strip 
<> Be8Il, Int. 
6 Int. Wall Strip 
Applied wad, psf 
• Ext. COl. Strip 
• Ext. Mid Strip 
* Beam, Ext. 
• Ext. Wall Strip 
FIG. 101 PERCENTAGE OF TOTAL MOMENT AT !iEG.ATIVE MOMENT DESIGN 
SECTIONS VS. WAD, PANEL J, TEST 208 
~ 
<l.) § 
~ 
~ 
.s 
~ 
0 
~ 
~ 
¢) 
(J 
1--t 
~ 
~ 
... 
t1 
~ 
30.0 
25.0 
20.0 
15.0 
10.0 
5.0 
0 
Applied Load, psf 
(a) Panel J 
100 150 
Applied Load, psf 
(b) Panel A 
FIG. 102 PERCENTAGE -OF TOTAL MOMENT M POSITIVE MOMENT 
DESIGN SECTIONS VS. LOAD, CORNER PANElS, TEST 208 
E 
I 
I 
I 
I 
· ~ 
I 
~ 
,.!I:j 
... 
i 
~ 
~ 
~ 
I I 
I 
I I I 
i 
40. 0 
Meas ~ec M :nuent ..... I'--.~ / 
30. 
............. 1,/1 / / 0 
Y " V /~ 
20. V V / 0 ./ /f /' 
/ /V 
10. / V r"", ............... Desig ~ 'II:'~ t 0 V )~ I •. 
~ V i (\ 1 2 3 4 5 
100 150 
Applied Load, pounds per square foot 
FIG. 103 COMPARISON OF TOTAL MOMENTS, PANnA, TEST 208 
1 
v 
V 
6 wad No. 
250 
« 
J !i 
& 
. 
~ 
t 
~ 
~ 
.... ] 
~ 
to 
1 
Shallow Beam 
'·2 
~ 1-I---t----I----4-_._. 
£ 
I~ 
l 
Col. Strip txid Strip Wall Strip Beam 
O.4~----~~----------~~--~------~~~lO.O 
---' Measured .Mom. 
--- Design Mom. 
O.3r--------r-----------------4--------~~ 
O.2~~~~~-----------------4--------~~ 
0 
0·3 
0.2 
O.l. 
0 
0·5 
0.4 
0.3 
0.2 
0.1 
0 
FIG. 104 COMPARISON OF MOMENTS AT DESIGN SECTIONS, 
P MEL A, TEST 208 
o 
5.0 
0 
!'C\ 
= ~ 
~ 
C) 
~ 
l1.l 
f-
a 
f 
I 
I 
I 
I 
I 
I 
I 
1 
1 j 
,1, 
.j; 
~{ 
~ 
.-
·s .... ;.~ .. ,,. 
. .c •. u.l 
.. 
.,':: . ., .... -.:)' .~' ·f ....... ) .. :~.~!:·./t·.;.._ ;':.r"?'--/·:r .. .(":...iJ;Aof.~>i(C:i;'~"~'.3,~r:r.~$.,~It:1l~t..~UU'.:":",(":~,,,, '·'1::~:'-I"t ;'~." -e • .i'\. .• ..;:::.~1:··~·.lrWir"". :-"J't ·;""'~·".iMk"'N")."'~'''' ~!.:.-l.~-r"''''·$;:.:,·-tr.~~n!l'-r·'''I.:~..Af>;1~h·»'.t:''(f ~':,;,~,,"j. 1o!. ... ','·6W .- ..... .o( • .: ... \ll\.c. .~.AA~.l.'Ml::C';-:'''~''''d ... ~'.f. • ...7.T,A.-'.:'~~'' ....... ~~..I-. 
~ 
H 
f:;) 
b 
\Jl 
ga~ f4 ~§ 
'- ~ 
i: 
>8 
'- ~ 
~~ 
8 g ~~ 
til 
rJl 
H 
fz1 
o \.Jl b l-A \.J1 
M::>m.ent, percent of total moment 
~ ~o VI b ..... \J1 ~o \.J1 b 
I 
I 
I 
l-A 
\J1 
~ if ~ 
~ ~ f:U 
f§ ~ ~ 
~ ~ ;1 
!l ~ 'd 
. 
~ 
tJ) q 
~ 
V / V / V / V Y V /1 ~ V / V / V ,/ VI 1/ / V /1 I I I~ 
Section 3 Section 2 Section 1 
Shal:1ov Beam 
toOl ,.... l-'. 
.J ~ 
~ }-J 
o L--+-----t-,," f\) < 
D ' '7"' \.N 
~ 
~ 
~ .. ~ '.,: ~" •• ', 'J 
I 
• .u..~~··x.J.,·At,ir):,.X.c.'l'I· .• ~ r..7J..;'· ....... b«6oIC~~I. ".. Cd *"'I:aWUl'r glS -arM.,.,..... ~-.-."re.w;au!P.~~~M_.". YYYCO'W'V Q" ~ ... ....::a:au:1 
30. to 
"" 
25- 0 
20. () 
15-n 
10. 0 
5· 0 
0 
0 
0 
• 
• 
II 1 I 
./ 
~ ~ 1/ l/1~ I"\. 
~ ~' \..... /"q ~ ~ )tL, I"'" ,.~ / ><:/ ~~ ,.,.... .... IIIro.... ...,. 
~ r-~ /."'- A ...... -Z ~ 1 
/ 
7r 
...-" '~ Lf I 
4~r---
.... ....111. ,. 
I ....... ... ,. --.-1"'" 
./ ~ r 
.... ~ V 
4~ r' ____ r-- -.............. ~ .... 
-
.. -
-I 
It- . 
----
. -
!II. 
• • 
lIII. 
~ 12 13 14 15 
50 100 150 200 
Applied Load, paf 
Int. Col. Strip ~ Int. Wall Strlp 
Int. Mid Strip <> Be8mt Int .. 
Ext. Col. Strip At. Ext. Wall Strip 
Ext _ Mid Strip + Beam, Ext .. 
I 
! 
I 
~ 
I 
~ , 
.~ 
""'IIIII~ 
-:II a 
• • 
~ Load No. 
250 
FIG. 106 PERCENTAGE OF TOTAL MO.ME:NT .AT NEGATIVE K1MENT DESIGN 
SECTIONS VS. LOAD, PANEL A, TEST 208 
I 
r 
~ 
I. 
I 
I 
I 
I 
1J/2 Col. StriF I. . 1:Y2 C()l.Jlt!~ 
I Col. , .rL=0.25 -Mid.clie Strip I Col., c/L=O. 2~ 
r--bection 1 
O~----~----~----------------------~----~--~ ____ __ 
~ / 
cu Section 1 § -0. 008 1--------'--+-~-----------~r_---____1 
~ ~.012~----~--~------------~_+-~-~ 
+' 
"""-.... 
~ 
-0. 016 1--~-~I__-l__--------------+__-+_--__I_____4_ 
.~ 
~ ...Q. 020 ~-~-l----+-----------___+--r___+_-___j 
I 
~ 
~ 
... 
~ 
~ 
~.024~-~~---~---------------r_--~~-____j 
Q -0.028 L--_________ I..--___________________ .J....-_____ --I 
" 
~ 
~ i 0.008 
Negative MDment 
I 
I 
I 
I 
I 
0.006 
0.004 
0.002 
o 
-~ 
---- -------
"'" 
~ , 
1"'-.. ./ 
" ~~ ~-----
i 
I 
Positive M:»nent at Panel Centerline 
FIG. 107 THEORETICAL DISTRIBTJrION OF MOKENTS IN INTERIOR 
PANEL WITHOm DROP P.ANEI.8 
I 
I 
l/2 Co]. Strip 
--- ... - _._- ~ -2L? --~.~.: _ ~tr~I?-i 
Middle Strip Drop Pan~l 
~~pit~, c/L = 0.2 
Drop Panel' 
1-+- - - - -- , 
I cap~t~~, _?/L = 0.2 
i 
o Column centerline I I i Section 1 
~"I I : I I /}-
-0.004 -~--t----:---------I-----+-I-~-
__ ~ L __ · 
• 
Section 
-0 .. 016 
--Section 2 
-O.02~--·---·· 
------.~---=-~ 
tiec"tJ.on ~ '1' 
! 
-O.02t-------i-
-0.02 / I 
Negative Moment 
0 .. OOr1---------4--· ----
o~----------~--------------------------~------------~ 
Positive V~ment at Panel Centerline 
FIG. 108 MEASURED DISTRJJ3UTION OF MOMENTS IN INTERIOR 
PANEL, TEST 208 
Section 2 
I 
I 
i 
i 
I 
I r 
I 
I. , 
r 
t 
I 
I 
--:. 
I 
I 
I 
I 
I 
I 
I 
N 
tr 
Moment Sections ~ 
I~ I 
---1-[1-1 ... .--::;:::...::-::;;:..0.;:1 ==--=::::....::=t-~ ___--.rl - - r 1 - - - - - - - -=. I I I L..J I I . I 1 I I L __ -.l L __ -1 I I 
-~1-4---~ - ----+-----t- - ----+-----4-----I~--_4_-
I ~ I 
z 
I : I 
, I I, I: ; 
----6-+-+--L-,--+-I' - ~ ---;+.----+-~--~-:1--+I- -- ~f---r--+~I--
-ti-::r~-'I I J ~ )- -("II, 1 i;" i~'=t====::::;:~'~'~r -r" X 
~:=..J...:I...Ilr I i I ~~~J I I 11" ~~ I II~ J. 
r.J I c _:.1 L __ .J . L~ 
----f.-HII--~-----+__ - ---I-----~--- - --+-----4------+-,1---i 
y 
w 
I 
I 
I I I 
I I I 
I v 
~ ---
I i I I ! i ~-~l-------L- ~----~------~_-~I--
I L- l i I! rrlF -;':-1J i Ir=~-~ ,r-: 
~ 
I 
I 
~T"'=-r"1 I j. I I )-00( I~*=====~, )-,... 1=t1:::t::===:::;::~I~rT" 
.L..J . I I I II~>- '"'-.s I I ~ ""'.:1 1 I It "'", 
r.J I i· L __ :J L~.J L-i 
u 
T 
I I I 
- - -------.------4--- - --+--~11----
:; I I I 
I I! ! I I s I 
r i ; I I I 
--.....a.+--'I----r----Ir ~---l--+-I----+·-
r
---_ -I---+----+--~II---
1 I I:, I ! r , I l~ R 
--- - _ _I - ~ ~ .... ____ ~=-=~_~~ __ ~:.t- ~ ' ......... ~ . - --'_ 
I 
FIG. 109 DEFmITION OF )l)MEliT SECTIONS ACROsS FULL 
WIDTH OF STRUCTURE 
~ ____ ""!lI szza:e ,~'------~---------------s 
80 R 1 T U V wx y z V LI lui I IJ I IU 
Deep Shallow i/ V 60 Beam ' Beam. 
I i I I I 
I II // 
De:Sign !Momel t--l i UDe DeS!ign ~eni '" sign J / hn ! / 
'W - i ~ v/ IT -,~ j(/ Me: nent ,~ v 11 I / 20 J 
R ,/ /- i~ . i V~' ", vV'I i R IS I T 1/ ", /1 I 0 I i I I I I ! 80 I I i I ! I ! , I I Bee ign IMomer t __ ~ ~s1gn:Mome*t .V I I i I I I I I J 60 i ~ j !, I 
1 W~ I I I 1~ I : I i A I I J ~ Desiign ~omen ~ 40 '/ ,/ 
;'l/ I 
I ~ 
I ~' 11~~ } ~ )( I 20 ~ I I~/ % :;~/ I ," ,/ R' Iv u l W ~! i 0 I 
! 
I ! 
i I ;j i i I I I 80 I DeS~gn !t VI I ! ham ' bmen1 
'/j V ! i -, }10m. ~es.ct~ons 1 I, ' I ! --~. ~m ~~traifs I I i 60 /; ;/ I : .I I ; " 1 i Des:ign ~men~~/ i ~ I I : I~ DesignMbme~t---L 
40 ! I I /.l;r I ilL wV IV! I i ,/ I .... ~ ! ~ ,~}f ! ,/ )" i , i ~ ~ 
20 II I? 1/'" /' ..v ~~ ~ x I I y ~~l l Z 
o 50 100 150 200 0 50 100 150 200 0 50 100 150 200 250 
Applied Load) pounds per square :foot 
. 
FIG. llO MOMENT ACROSS FULL WIIYI'H OF STRUCTURE VS. LOAD, TEST 208 
I 
I 
I 
I 
! 
I 
I 
I 
I 
J 
I 
. 
~ 
l 
~ 
~ 
~' 
.... 
~ 
I 
~ 
~ 
~ 
l6o~----~------r------r------~----~------~-----' 
l~~----~------~----~------~-----r------~~~~ 
Test 29 
I 
120~----~------~-----r------r------+~-~r-
100 ----r---' 
1Sign Mom.~nt 
80 
60 
~ ~----~--~-~~----~------~----~------~----~ 
~ ~~~~------~-----r------+-----~--~--~----~ 
o 50 
o /). Mom. from Reactions 
• .& Mom. from Strains 
100 150 250 , 
Applied. Load, pounds per square foot 
FIG. 111 'roTAL MOMENT-LOAD CURVES 
PANELS ABC 
'50 
. 
~ 
J 
~ 
~ 
.... 
+l 
~ 
:i! 
M , 
~ 
160.~------~----~------~------~----~------~----~ 
140.o~----~-------+------~------+-------r-----7+--~~~ 
l20.~------~------~-----4-------+------~+-~T-+-----~ 
100 • 
80.0 
60. 
o 50 
o 6. Mom. from Reactions 
... Mom. from Strains 
100 250 
Applied Load, pounds per square foot 
FIG" 112 TOTAL MOMENT-LOAD CURVES 
PANELS DEF. 
300 350 
T . ~. 
··1 
I 
I 
I 
.' . ~ 
~ i 
u 
; , 
..1 
I 
I 
I 
I 
I 
I 
::s 
I 
-' 
J 
] 
l 
3 
J 
. 
!l' I . 
~ )4 
.... 
~ 
I j ., ~ 
160. ~----~------~----~------~----~------~--~~ 
Tes 221 ~-'-- f 
l40.01~----~------~-----+------+------+----~~~--~ 
lro.l~----~------~-----+---- -+------~----_r----~ 
Test 8 
lOO~ 
80. 
60. 
~.~----~----H*~----~~----~----~----~~----~ 
2O.u-----~------~----~------~------~----~----~ 
o 
o ~ Mdm. f:rom Reactions 
•• M:>m.. from strains 
100 150 
Applied Load, pounds per square foot 
FIG. 113 TOTAL MOMENT-WAD CURVES 
PANElS GHJ 
300 350 
+l 
~ 
OJ 
S 
~ 
r~ 
+l 
0 
+' 
'H 
0 
~ 
+l 
~ 
<lJ 
CJ 
H 
(J) 
~ 
... 
11 
<}) 
~ ~ 
R s TU v wx y z 
~' ~ ~ i~ 
Deep Beam Shallow Beam 
Row RS~r Row UVW Row XYZ 
--,-
90 
80 
70 
60 
~ ~ 
~ .............. ~ ~f'.. \ U -0 T! ~ ~ A 
~ ............ --:.::.. !----t "¥ ~~ r\ ~ w -- V 
'" 
~ W ~ ~~ r---.---
~ ...... 
---- .....--:: 
fo--- T-!--- ~ ~ 
-
t----
-- r-~ ~ T~ !- - 1-- ---V--r--T ./ ... Xdes/ de - ~ U,Wd~S/ _ ----- r------- f----- ----t--
I 
~ ..-8 RI.a..~ -
-------
f-4---K.-
.. 
-50 
Sd a::: - ~ ---" Zdes -~ t---1---es ~ --1----40 
30 
20 
10 
a 
o 
~ Yd -~ ~-[ ~ ~r ~-S-~ ~ Y-t---_S- --0-=- es 
-
""-0 - .J u c(" rD ~ l---- V R -==t-- -t-- -- t--des-~-~L.- r----- _ V --- __ Z 
--
-.. - --
-
- ---- . - v.r-~ ----~ f--R 
I 
~ A/ --A ~ . 
... ... 
-...--
eX z /A~ __ L+_ -
i 
cf J_ .. _.~~ I 
--06 0 Moments from Reactions 
• .A • M:Jmenta from Strains J 
50 100 150 roo o 50 100 150 200 a 50 100 150 200 250 
Applied Load, pounds per square foot 
FIG. 114 MOMENTS ACROSS FULL WIlJI'H OF STRUCTURE, PERCENTA~ OF 
TOTAL MOMENT VS. LOAD, TEST 208 
:~iilJl!.':.",.r~'lIr.tiA'fllI'NI~.:&>iA *ht~~~ 1M cewaetUtl •• ~m. £JAMP..~~~14lQiJ1GW"'W3&i' PW!'Sll''''"'IIIIIf¥!iMi.UACl", .:tIt ! 
r .,::". !'j ;.1:,:"(.: 
I 
I 
"\ 
I ) 
I 
J 
J 
. 
~ 
I 
~ 
.!a1 
.... 
~ 
ij 
I 
140 
R S TU V WX Y Z I 
GI I It] , I IJ I IJ i i /, I lI7 I ~ep Shallow I 
Beam Beam ! ) ~/ 
1 
!rom i Rektibllfl ~ Jm. ~ slaJs ! ~ ./ - ~. f -- froJ i .f i I I i 
D! p~ ~'b V f ! ~/ ~sis ~.-V /J ~st1gn i /7 yf ~ I I ~ : v/ V II V~D I'~ [/ ! ! h'/ es1eP1 M ~. I 
~ VV V ~ I : 0 V I V; / I i I ! 1#/' i,..o/ J 
120 
100 
80 
60 
40 
~ ~' RI V : I Is I V I : ~ V I T ! 
120 
100 
80 
60 
40 
20 
IV Ie ~ 2qlO 3( ~ 0 100 I 2bo[ 300 0 I I( KJ 2 ~ 3JO I i 
i ! i I I 
I I I 
I 
I 
I 
DE P Mt~m.-r-+~ ! i ! D ~Sif M?m.\ vg sig I I ! 1 ! i I 1 kf' ! i i I ! ; 1 W V I I I i i I '", I 
AV :/ I i I i I l~1 I I I J l I ! 
V i I ~s~ ~m.-rY I ~ V A ! I I I ! l... i-" I 
~ ~ ~ ! ~ I /I .~ j~ .-& 
'" .-. 
~ 
,.- ~~ ~ """" I ~ V I vi u i w 1 
10 I( ~ 2CPO 300 0 ! 19° 200 3()Q 0 l( ~ 2 Do 3DO I 
I 
I 
i I : 
DE sig pMc ~." ~; ! I ~ I I , I 
l// v I ! 1 ) I I /' I i I 
VI I / ~s Mom V l- n ~s1f ~ MOm.~ /~~ gn 
"'" 
r----..... I /' 
~ 'f',' / ~I I V" ~ V V ./' I i )/ .I 
120 
100 
80 
60 
~ ~ ,. V 1 V I-~ I V ,/ ~ I I".- ~ 
l!~ V Iy ~ ~ ~ x ~ ~ z 
o 100 200 300 0 100 200 300 0 100 200 300 
Applied Load, pounds per square foot 
FIG. 115 MOMENT ACROSS FULL WIDI'H OF STRUCTURE VS. LOAD, TEST 22l 
+l 
J;:1 
C1) 
~ 
,cd 
-P 
E 
~ 
0 
~ 
~ (1) 
0 
H (1) 
Pt 
'" ~ 
S 
L ___ ~:: 
R STU V W~ Y Z U I III I I I 1:::::::1 
I I 
90 
80 
70 
60 
50 
40 
30 
20 
10 
Deep Beam I I Shallow Beam 
Row RST Row UVW Row XYZ 
--- --I--l I 1--- I I I r---- I---------t------j--- --------- ---- -----I I ix ~~ 
T ..--A I io- -() 
1"\ =l=t--- ----- ----'-.. -:;;;; t;;: -L -- -~ ! ! --
f i U L----d Mit... .. I • . ~..-- --T 
I --::~ ~ ~--- I. 1-' j-~" ~ -- --------r ~~ i-r ~ I ... ; .J ... 
-f-t--I~~-~ 
I I I ! I I • y 
- f.----
--
1---- -t---iT--·I .. ·· .. ·f--- ---t-------I---- --
-.-:- S I I D-r;-h= ~~M r-::--____ 
--- --
I ' I I 
~ I ' I I S "L --o--c I"LJ -
-i·-r-·--f-·-+-·- ~- ... ------L--~-----1--- - J -------1 
-C ~ I I I i ! I I I R . -t ·L~J--.~-. i-"l- 'i~--t ·······i---- - I "',~ R I i V I--c vIP-[ 6- ~1.A.."" 
--
r-oo "',--+- ·l----·t---··- ~.+ .... ~~~-~ 
too 
~-----J.-L- .... __ 1... I . I Z I I ---
--I'" _J ... _j_._. ---I~ 
006 MOments from Reactions 
I 1 I I i ••• Moments from stra.ins 
o 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350 050 100 150 200 250 300 350 
c_..:._ 
Applied Load, pounds per square foot 
FIG. 116 MOMENTS ACROSS FULL WIDrH OF STRUCTURE, PERCENTAGE OF 
TOTAL MOMENT V8. LOAD, TEST 221 
i" " t:~IJ.'.~:~ ;._.~ C~·~ --.: , . 
~\ ~ -......; l._._ .. ..l ~ ~ L. :j ~~ __ .... II!I\JIJMI ~ ~.~1iI ~, •. ~ ..... O'\ .. ,....... ~~t~JJI L.~_ .... ~_.",.~II ~ 
.o .... w .... ct ZJtiSi~~'JU~.~I.v~-Y.,,",~M' •• Il\w·~~~:;.t~~.......: ... 'LP ~~~';:'~~"~i"t.t"""''--':':·'.(hl'''''~ •. !'~' , ..... j.J'ot .... ··t'~n..'M1e.·~.(~(\ ... r.:.'.r:'5··m.;.' .-r···f:"".~; ... 'Vw"~ .... ,t~--')-"1·..p:f("1\.'8'~~..!.~<fItCW~lt'f'r?f'!~ ..... "'t';IIh);~_~""""". 
Interior column 
ZM , top st.eel y 
FIG. 117 MECHANISM Ol~ STRUCTURE FAILURE 
~ bottom steel 
steel 
'.. _ L ('_.AM' .JlI""'tIIt'VIt;"~~ J:4!'" A 10k .. .",." .... ,., L j _ .......... 
~.----.~,-.- .. '-,-- _._.--- , .M ____ ~~.~~ ___ ~M_'"''''·''''·."·,·,'··v~.nn'·_ .• ,."·,.,''·,,'m'-~-~"l 
r- ;-. 
Interior column 
centerline ~ ~ 
7 
r" 
\ 
I .' . ~ I' 
EMy ' top B\l bottom steel 
~Golumn resisting ~ent 
FIG. 118 MECHANISM OF COMBINED COLUMN-SLA13 FAILURE 
FP:: t"' ~ i 
i 
i 
I 
i 
I 
• ~WC' zacaJlllWll'lI;,j ..... ;r::'-!l).,"I'·r.,t/""'t"WI.~t~If"~"El1m...-m'Clt'N:PlrV!~r;.";F" .. -· 
Interlorcolumn ..,/" 
centerline" . / 
,/" 
Inei.d.e face of beam ~ 
~, top steel 
FIG. 119 MECHANISM OF SLAB FAILURE 
I 
i 
i 
bottom steel 
top steel 
, """"'.'1«.__ _I 
~'---"':''--~' _1 ___ . __ ----------------------------.,l1li;;., 
II 
~ 
N 
0: 
- --'-r--' .. 
:r--'----: =~ r---~ ~~ r;- --1---' 
r L. __ -1 L __ ..1 I 
i' j 
.---~-;---. .;.- .- ' - ----- .-----+--- ---.. - .. +-----l---
~ I i I,i 0 fa') 0 I ;Ii r~- ____ l...-_-+, 
--1+~ ----t--r--, f'-~--'! -'-------r-~ __ ~--r-r -~--_4_tt----
~ t, ~ ~ i I r6l' I I : ~ I I r7l I! 't- ~ I I i I 
,':) I~ I V I It../_::J I v: I ~_.::J I I 
i -.J L-' ..-J I L .-I I -f:---~i-: --=---~-1--~ --I ---+-'-;i)-'---++--
11 ',: -L: :' Ii I I ' ; I . i 
: -':-l~--- --r.~ ~~-'-------r~;-=~, t--II-r-~ 
® I I , H I I 8 I I )--( I I! I r~ 
i.J....J I )- '" I ~ 1)-.....: 1 I L"l 
i : r.J . L_ -, i : L -l 
i ~-t -- ~acla,-o;top of- Sla~ -j--t-
~ Iii \ L I, ~- I;! -- ~- ------L--'--\ ~ i " 0 ~ era.cks on:bot~ 0:1' &lab/ ' 0 '- I 
,I , ' H, .., "-
I ' : ' j 
---f.+-: - .... ------.--- - [ .. ~-- - -~, --=---"r--~I__-
~ j I: i I 
: I ' ' ;- ~ ~ l ' i ;- -r ~ i : ! ~ 
f I I 1 ,"-
"\oL- _ _ _ ---L- j- -L- -L- ,_ _ -L J- --L. -L +-- _ ._ -+ _ 
FIG. 120 LOCATIONS OF VERY WIDE CRACKS OBSERVED IN TEST 234 
I 
" 
~ 
..J 
I 
I 
1 
J 
I 
J 
-j 
J I j 
liOt.e: liuIlbers 1nd1ca:te load increent at which yielding occurred.. 
j Ie 
~. 
-.- -- --, I~r- -- -- -1-.. I .~~II- - ---, [~ r-
I : _ I L -=-=+ _ b- - - -1 ---+----1' ~_ 
I 5 : 2 fJ I @ 1 2 1 1 @2 I I~~ I ~ t I 
, ! I ' Yie1dj,ug I~f bottoa s1;eel./' I I I 
--++-t'--.--+-I ___ -+--_ - - ! ! 
r--, I 5r:-. 1 r~ \ 
tV I i,..,,~J.2.t-~2 G\1L!~Q,.~.L-:!' .2 Llb.,l® 
! ~..:~ ! i 121 .!"~::J I . / I ~ ·L!l 
-, 
® I T., I 
.1....J I 
1-- _--.J : ~- L - - ..J / L ~-1 
---++-+----+---~-- Y1elC 1ng o~ ~p Iste~l/ I r.J I 
I I I 
--t+-t-----1i-----...;...- ___ - '+-I--->--®_E _ --+-__ ---+ ___ °-_+__1 _-4-1-]1 _ 
r- -I 1 r ---, r-~ 
I 
t 
L- l 
tV 
-
® 
r-7t ~-?i I. 
II ~-( I' I tl01 '1-)---('11 I r~ fi2'l 
I lL}-_ ~ I l..!.!) I ~ _"'..::J I L 'l I.VJ 
L __ --1 I L_ - .J L ~ 
~------~i ------+-------~------~--~--
I I 
I ® I 0 I 
I I 
I I 
- - ---+------4---~~-
..,..., I 
.L.J I 
r-l 
I 
I I 
I I ! I 
I 
I I 
I 1"----, I r---, I I I I r, ./ I r, I J 
.-.1- -' - - - ---LJ- -L. -L _ - ~ -LJ-1-.L f--- ___ _ 
I ® @ I 
I.cadl .. 241 paf. 
lDad 2 .. 349 pst 
Load:; - 400 ps:f 
Load 4 - 428 pSf 
Loa4 5 ~ 415 PGf 
Load6 - 499 pst 
. . 
J'IG. 121 PROGRESSIVE YDLDIm OF 8'l.'UL III STRIP A'P£, TEST 234 
I@ 
1 
", J 
f:' ! 
.! 
c:: C' 'i 
,. 
, ~ 
~ 
